, 


CUER HO 34€0 ๓ |/- 02 FY? JO 


FOUNDED IN 1906 AS THE AMERICAN | QUARTERLY OF ROENTGENOLOGY 


THE AMERICAN. JOURNAL OF 


ae 
+ 





ROENT GENOLOGY 
| RADIUM THERAPY  . 
AND. i : É | d 

NUCLEAR MEDICINE ^- 


“OFFICIAL ORGAN OF 


THE, AMERICAN ROENTGEN RAY SOCIETY . | 
THE AMERICAN RADIUM SOCIETY | | 


T - 


TRAIAN LEUCUTIA, Editor 
‘KENNETH L: KRABBENHOFT, Assistant to the Editor 
Ot ^50 ASSOCIATE EDITORS ` | 
E.SRRY ‘HAUSER "RUSSELL H, MORGAN EDWARD B. D. NEUHAUSER 
| | | WENDELL G. SCOTT | 


CONSULTIN G EDITORIAL. BOARD ` 


> 


PAUL C, AEBERSOLD PAUL C. HODGES U. V. PORTMANN 
OSCAR V. BATSON HOW ARD B. HUNT , ' LAURISTON $. TAYLOR . 

n ae , 
JOHN CAFFEY | JOHN H. LAWRENCE OWEN H. WANGENSTEEN 


“ROSS GOLDEN REED M. NESBIT ` ` SHIELDS WARREN 
| '  — EUGENE P. PENDERGRASS -> 


4 


Issued Monthly y for the American VS Ray S ociety b 
CHARLES C THOMAS . PUBLISHER . และ * ILLINOIS 


El 


t ` D 2 d NEL. A. - : PX น 
OLUME90 77. d JULY, 1963. " EE . NUMBER 1 
"E | 7 Sixty- foutth Annual Meeting, American Roentgen Ray Society | 


Queen pueben Hotel, Montreal, Quebec, Canada, 
October 8-11, 1963 


E nom" . PROGRAM NUMBER 













PHILIPS 
WERE 





x 
te E ` 

; $ 

ณี ว 5 

"2 ต 


1973 M Ux. TO 
a ae PRODUCE 


ace 
S 
HP. X-RAY 


CIF LUZ BS 
AM อ 6 


Although it was crude by today's standards, the world hailed the first X-ray equip- 
ment, and rightly so. Tremendous advances have been made since the early days. 
Philips are proud to have been responsible for many of the important ‘firsts’ in 
X-ray equipment. Their program now ranges frcm the. very simple to the highly 
complex installations which use X-ray television aad cinematography. In the Philips 
organization these advances have developed from the shared ideas of men who 
work in quite different fields of science and technology, for example—in elec- 
tronics, in the chemistry of glass, in physics and engineering. By working together, 


progress is served in the finest Philips tradition. 


PHILIPS 


© 


X-ray equipment for diagnosis and therapy X-ray tubes and X-ray cccessories Dental equipment 
Electromedical and general hospital equipment Radiation measuring eq'ipment Darkroom equipment 


SPECIALTIES: Image intensiflcation * Cineradiographic Installations * X-rcy television 





For further information please apply to the Phillps organization in your Country. Sold in U.S.A. by: 
‘North American Philips Company, Inc., Medical & Dental Division, 525 Nest 52nd Street, New York 19, N.Y. 


o WORKABLE 


EQUIPMENT 


DH I Li PS in the service of the medical world 


LJ ray "n 

; er ย 
ty " s Mn ` A 
| L3 dj R Tr iS 


ว 
M =: "P 

จ ้ ้ ก ย ง < ข ฑ์ out n 

e 


E 
| d 
i 
à 


at Ee ^. 
DL 
ว 





จ จ 
1 
NN 
| IMPROVED B DR oe Sp 30 
i | ® POS = i 2D 2 5 E TCR AA > : SX 
l Yan de Graaff l Improved Model AM Van de Graaff is the result of 
experience galned in 40 previous Installations. 
ACCELERATOR 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


The Model AM’ Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 


๑ |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 


Today's Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 


precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free Worid. And for five 
good reasons: 


e Its less than 3 mm "point source" - 


of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e |ts Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e jts x-ray output will not fall off. 
You can hold treatment techniques 


and parameters constant. 





roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 

AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling . 
capacity. It is backed by the inter- 


national reputation of the leading 


manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM [s routinely operated 
by an easily-trained techniclan. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 





p Pd 


GEN ERAL IN FORMATION ` 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 110 Professional Building, Detroit 1, Michi- 
. gan. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to Tae AMERICAN Jour- 
NAL OF ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MELICINE, 

A certain number of illustrations will be supplied free of cos-; but special arrangements must be made 
with the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additonal reprints may be purchased according 

to a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed ex- 
cept for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial 
Office if additional reprints are desired. 
. Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
Journat or RogNTGENOLOGY, RADIUM THERAPY AND NucLEAR FHEDICINE should be addressed to Charles C 
drca Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. (All requests to be submitted in 
writing. 


Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and 
the original should be sent to the Editor. The author should keep a carbon copy, as the original is not re- 
turned, The name of the author should appear on each sheet of manuscript. Tabular materials should be 
typed on separate sheets; likewise bibiliographical lists, footnotes etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of 
plates or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations shoulc be numbered, the top plainly indicated, 
and an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching ezch legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bib- 
liography should include the following information in order the indicated: Name of the author with initials; 
title of the article; name of the periodical year, volume and pagea. It is requested that the authors use the 
following as model: 

1. Olcott, C. T., and Dooley, S. W. Agenesis of lung of infan-. Am. y. Dis. Child., 1943, 65, 766—780. 

The month ghould be given if the reference is to an issue of the carrent year. An alphabetical arrangement 
of the authors is requested. 

The author should always place his full address somewhere or his manuscript. This is Ma important 
and is often omitted. 


For information regarding membership in the Ámerican Roentzen Ray Society, address the Chairman 
of the Executive Council, Dr. J. P. Medelman, 110 Birchwood Avenue, White Bear Lake 10, Minnesota. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
address the President-Elect, Dr. Ralph M. Caulk, 101 Irving Street, N.W., Washington 10, D. C. 

For information regarding membership in ‘the American Radium Society, address the Secretary, Dr. 
Justin J. Stein, U.C.L.A. Medical Center, Los Angeles 24, Califorria. 

For information regarding the program of the annual meeting o- the American Radium Society, address 
the President, Dr. Charles G. Stetson, 97 Lawrence Parkway, Tenafty, New Jersey. : 


Tur AMERICAN JOURNAL or ROENTGENOLOGY, RADIUM THERZPY AND NUCLEAR MEDICINE is owned 
maintained by, and in the interests of, the American Roentgen Ray Society, Inc. It is issued monthly by 
Charles C Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. THE AMERICAN JOURNAL 
or ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE does not hold itself responsible for any 
statements made or opinions expressed by any contributors in any article published in its columns. 

Delivery is not guaranteed. Replacements are not guaranteed tor promised, but will be attempted if 
extra single copies are available and only if requested within 30 days from first of month following publica- 
tion (17th of month) for domestic subscribers and 60 days for foreign subscribers. 

Annual subscription price is as follows: United States, U. S. Possessions, U. S. Trusteeships, Pan-Ameri- 
can Union, and Canada, $15.00; other countries $17.00. Prices fo- back volumes quoted on application. 
Extra single copies of back issues, if available, $1.50, postpaid. Cu-rent subscriptions may begin with any 
issue. Remittance should be sent to CHARLES C THOMAS, EUBLISHER, 301-327 East Lawrence 
Avenue, Springfeld, Illinois, U.S.A. 

ADDRESS CHANGE--When a change of address is necessary please allow at least 60 days notice and 
preferably go days. When ordering a change of address, send the Publisher both the.old and new address. 


Entered as Second-class at Springfield, Illinois under the 
Act of March 3, 1879. Printed in U.S.A. 


Second-class postage paid at Springfield, Illinois 
and at additional mailing offices. 


Copyright © — by AMERICAN ROENTGEN RAY SOCIETY, Inc. No part may be duplicated 
or reproduced without permission of the utar 


[FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGYj _ 


The 7 


AMERICAN JOURNAL 


OF ROENTGENOLOGY 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 


_ Editor: TRAIAN LEUCUTIA, MLD. 


Assistant to the Editor: KENNETH L. KRABBENHOFT, M.D. 


VOLUME 90 


]Jurv-DECEMBER, 1963 


5 


\ 
M 
` 


CHARLES C THOMAS : SPRINGFIELD, ILLINOIS 
1963 ED 


J 1 JAN !964 


COPYRIGHT, 1963 


By AMERICAN ROENTGEN RAY SOCIETY, Ine. 


CONTENTS OF VOLUME 90 


JULY, 1963. NUMBER I 


Cineflourographic investigation of Genitourinary Tract Function; Bladder Neck Dysfunction. 
Theodore A. Tristan, M.D., John F. Murphy, M.D., Harry W. Schoenberg, M.D., Robert Toborow- 
sky, B.A., and Robert D. Epperson, D ล 0 3 เล 565 ๐ ๐ 0 
The Roentgen Diagnosis of Ureterocele in Children. John R. Thornbury, M.D......... 1 ee 
Multiple Ureteral Diverticula; A Case Report. Milo M. Webber, M.D., and Joseph F. Kaufman, M.D. 
Trauma to the Ureter. Richard M. Friedenberg, M.D., Charles Ney, M. D., and Milton Elkin, M.D.. 
The Effect of (Voluntary) Bladder Distention on the Intravenous Pyelogram; An Experimental Study. 
M. B. Nogrady, M.D., J. S. Dunbar, M.D., and D. W. MacEwan, M.D....... eese 
The 0 Pyelogram. Tames F. Martin, M.D., Walter E. Deyton, M.D., and James F. 
E ล อ T A E EEE SEAE E PE AE EE E E E ese 
Total Body Opacification in Conventional and High Dose Intravenous Urography in Infancy. 7. F. 
O'Connor, M.D., and E. B. D. Neuhauser, M.D... ccc cence hh 
s ล ฝ จ Near the Ureterovesical Junction, Richard M. Friedenberg, M.D., and Charles Ney, 
ADD 8 ๐ 3 531@@ ฝ 3 
The Significance of Selective Renal Angiography in Injuries of the Kidney in Childhood. V. Capek, 
MD. cand P Fonk M D 0 2 2 3 0 
Peripelvic Renal Cyst; Case Report with a Diagnostic Roentgen Sign. Robert Shapiro, M.D........ 
The Roentgenographic Appearance of Pulmonary Hemorrhage Associated with Glomerulonephritis. 
Harold M. Brannan, M.D., William T. E. McCaughey, M.D., and C. Allen Good, M.D......... 
Tumefactive Xanthogranulomatous Pyelonephritis. Norman L. Avnet, M.D., Theophilus W. Roberts, 
M.D:; and Herbert Re Goldberg: M D iio d s PRSE cats SSS CU 
Xanthogranulomatous Pyelonephritis. Marvin F. Friedenberg, M.D., and Harlan F. Spjut, M.D.... 
Hydronephrosis Due to Aberrant Blood Vessels Versus Communicating Peripelvic Cysts: Their 
Roentgenographic Diagnosis. Aurelio C. Uson, M.D., Meyer M. Melicow, M.D., and Gerhart S. 
DORON ญ อ ล oou Rid d RU deca 8 5+1++ ป 00 
An Evaluation of Nephrotomography in Urologic Diagnosis. David M. Witten, M. D. Laurence F. 
Greene, M.D., and Fohn L. Emmett, MoDiwcc ccc ccc cece cnn nest tae beneeeeeneaes 
Selective Renal Arteriography. Peter M. Tillotson, M.D., and Mordecai Halpern, M.D............ 
The Accelerated Vascular Phase of the Radioisotope Renogram in Renovascular Hypertension. James 
E DUI TIE MB evt adie Ue ็ ็ 1+7 aw oar eh uda eee 
The Effects of Apprehension on the Radiorenogram. Joseph K. Isley, Jr., George F. Baylin, William 
J. A. DeMaria, Kathryn W. Sharpe, and Aaron P. Sanders... 2... eese 
The Isotope Renogram in Carcinoma of the Cervix; A Preliminary Report. Stanley Dische, M.D., 
Lawrence Caplan, M.D., and Simon Kramer, M.D.........eeseeseeeeeeeeeeee ern 
Tubular Loading Asa Means of Improving the Radiorenogram. W. F. 4. DeMaria, R. Kein, A. P. 
แล อ ล and G. J DOIN s ccc ete UE Su acd eto 
Demonstration of Lymphatic Abnormalities in a Patient with Chyluria. Richard D. Kittredge, M.D., 
Sami Hashim, M.D., Hartoig B. Roholt, M.D., Theodore B. Van Itallie, M.D., and Nathaniel 
P 102055 TETTE 
Isolated Arteriosclerotic Aneuryn of a Common Iliac Artery; Report of 3 Cases. Israel Steinberg, 
เร อ ส ส 088 ฝ 10 ื 
Application of Cavernosography in the Diagnosis of Lesions of the Penis. Theodore R. Fetter, M.D., 
Tose R. Yunen, M.D., and Gerald Dodd, MDs ess hota secs pe be DRE ih wees CEA S a 
A Practical Cineroentgenographic Frame Enlarger to Provide Multiple “Spot” Roentgenograms. 
Dewey P ท 3 ็ 1 0 ง 
Image-Forming Quality of Radiographic Sereen-Pum Systems: The Line Spread-Function. K. Ross- 
quid OR D c 5 E 9. 
An Improved Chair for Pneumoencephalography ind Autotomography. Kurt Amplatz, MAD eeit 
Wide Angle Roentgenography. Herbert 8. Berlin, M.D., Sol M. Unger, M.D., Leon ¥. Corbin, M.D., 
Harold G. Jacobson, M.D., and Maxwell H, Poppel, ซอ เ 0 ่ 
อ ล 1 3 | ฝ 


. Editorial 


The Sixty-fourth Annual Meeting of the American Roentgen Ray Society. Ralph M. Caulk, M.D. 
Preliminary Program; Sixty-fourth Annual Meeting of the American Roentgen Ray Society....... 


n 


IV Contents of Volume 9 ๐ DECEMBER, 1963 


News tes 111111111 ็ 1 ็ ็ ็ ไ ็ ฝ ็ 0 ่ ู ื 205 
เท ลน ก ล ฑ์ Pee Rete ba cubes ebat 3. ็ 7 ั ฮ 0 ฮ็ โ ื ็ โ 1 ็ ื ็ ็ โ ็ ็ [โฮ ฝ ฝ ฝ 207 
Books ร ้ น ื = ้ ื ้ + ้ + ้ 3 ้ ้ ้ ้ ้ ้ ื ้ ้ ้ ้ 0 208 
Abstracts of Radiological ไม้ ไย ส ชร ห ไช ซ์ 2202 ร ร ร อ อ ร แน แส อ ล น ล ร ย ต ฟา รา ย จา ย ส ล ย ขา ร 21 ๐ 


AUGUST, 1963. NUMBER 2 
Radiation Therapy with High-Energy Electrons Using Pencil Beam Scanning. 7. W. F. Carpender, 


M.D., Lester S. Skaggs, Ph.D., L. H. Lanzi, Ph.D., and M. L, Criem, M.D... 000 ns 221 
The Relative Surface Ionization for High Energy Electromagnetic Radiation. 7. L. Howarth, M.A., 

เล TT TT 7 ฝ (@ 231 
Dosage to Important Sites in Radiation Therapy of Tumors about the Head and Neck. R. G. Parker, 

P; JE oDHD anad Ls DUE eco 3 ee en E 3 3 3 3 3 3 109 ญ่ 240 
Combined Irradiation and Chemotherapy in the Treatment of Squarnous Cell Carcinoma of the Head 

and Neck. Milton Friedman, M.D., and John F. Daly, M.D........ esee 246 
Exophthalmos Response during Roentgen Therapy. Robert F. Blahit, M.D., William H. Beierwaltes, 

MD. and adore Lampe, MD eee ced vete E XN 1115 261 
Office Radiobiology and the Test of Divided-Dose Irradiation. Pau? W. Scanlon, M.D............. 269 
Split-Dose Radiotherapy: Follow-Up in 50 Cases. Paul W. Scanlon, M.D...... leise 280 
The Acute Effects of Radiations on the Physiology of Small Blood Vessels. William T. Moss, M.D., 

and Sandra GOLA HAG 0 oo we eet EID TAA te Le hes 294 
Further Studies on Oncolysis Enhancement: Plasma Constituents Produced by Whole Body Irradia- 

tion. Melin R. Sikov, Ph.D., and Tames E. Lofstrom, M.D.... oo ces 300 
The Use of Radioactive Isotopes in the Treatment of Lymphomas. roing M. Ariel, M.D............. 311 


Determination of the Distribution of P® in Phantoms and in Patients by Detection of Bremsstrahlung 
Radiation with a Scintiscanner. Joen G. Heidelberg, M.A., Faul G. Sirota, B.A., William C. 


Dewey, PAD. and Raymond G: Rose, ซอ ey eee Rete ere 5 325 
Radioencephalographic Scanning with Positron-Emitting As, F. Do-tald McSueen, M.D..,......... 336 
The Use of the Gamma Camera in the Investigation of Thyroid Discrders. Provan Murray, M.D., and 

Jd oh OUNS ON ME 7111 11++1+(. 1 ศั ้ 0 345 
Determination of-the 24 Hour Protein Bound Radioiodine (PBI) Conversion Ratio with an Ion 

Exchange Resin. Carl 7. Collica, B.S., O. L. Manfredi, M.D., and Sidney Rubenfeld, M.D...... 352 
Reproducibility of Mammography; A Preliminary Report. Roéert L. Egan, MILD.................. 356 


Soft Tissue Roentgenography of the Breast: Án Analysis of the Factors Which Influence Roent- 
genographic Quality and Description of a New Technique. Teodore E. Keats, M.D., George F. 


Koenig, R. T., Kenneth L. Rall, M.D., and Darrell D. Wood, R.T............. 2 359 
Mammography: A Study of soo Patients. Thane 4 ง ฉั น ได หน ป น น น น น น น น 9669 366 
Intraosseous Venography in Pelvic Malignancy. Robert E. Wise, M.D., Ferdinand A. Salzman, M.D., 

David O. Johnston, M.D., and Ferris F. Siber, M.D........... ค sss 493 
Afterloading in Interstitial and Intracavitary Radiation Therapy. Ulrich K. Henschke, M.D., Ph.D., 

Basil 8. Hilaris, M.D., and G. D. Mahan, BS ool sat ape Se PAN BEE Ee a EG 386 
Testing Radium Capsules for Radon Leakage. Robert G. Gallaghar, Robley D. Evans, Ph.D., and R.G. 

DA CALLE LOR satis aaa EHE 1+511+111 ไ 9 396 
Simple Test for Leaking Radium Sources. John E. Rose, ไว ้ เจ 6 น น น ว ร ร ร ร ร ร ร ล 403 
The Design and Construction of a New Type Isotope Storage Area. Tharies A. Hall, M.D., and Booker 

T More. ร ร ร ร ร ร ร ร ง ง ร ห ร ร รา จ ร ร ร ร ร ร ร ร รา ร ร กา ร ร ร รา 404 
Color Television Contrast Expansion of Photoscans. N. David Charkes, M. D. and J. Gershon-Cohen, 

เต อ 55 ed 406 
เด เก น อ ท ท ศก ล ด a pid 410 
Editorial 

Instruction Courses of the Sixty-fourth Annual Meeting of the American Roentgen Ray Society. 

Harold: OF LSND TT TT N A EET E 411 
American Roentgen iol Society Section on InStEUCPIOH teo RG GN ats 412 
ก แล i hui 3 3311107 ั 1 A A RD M EC 1 ็ ็ ๐0 430 
อ REVI Wea 3 3 331.+ ็ 11111111100 ื 432 
Books RECOV EO 3 3 โร 1 โ 1 โ ั 5 111 ฝ ฝ ฒ 9 ท 100. 432 
Soe ey Proce iaee esea 03. ็ ็ [11[11111+1 ก 0 434 
Abstracts of Radiologiéal Literatüre. so ee bowed น 439 


Vou. go, No. 6 Contents of Volume go i y 


SEPTEMBER, 1963. NUMBER 3 


Angiographic Features of Convexity Subdural Hematomas with Emphasis on the Differential Diag- 
nosis between Unilateral and Bilateral Hematomas. Sidney W. Nelson, M.D., and Atis K. Frie- 


เร อา PUSH 445 
Roentgenologic Aspects of Extradural Hematoma. George Worteman, M.D........ ee eese. 462 
The Insula and Deep Middle Cerebral Venous Drainage System: Normal Anatomy and Angiography. 

Bernard 8. Wolf, M.D., and Yun Peng Huang, M.D.................. s eee . 472 


Cerebral Circulation Time in Cerebral Vascular Disease Measured by Serial Angiography. John Gil- 

roy, M.D., Raymond B. Bauer, M.D., Kenneth L. Krabbenhoft, M.D., and Fohn 8. Meyer, M.D.. | 490 
The Effect of Changes of End Expiratory Carbon Dioxide Tension on the Normal Cerebral Angio- 

gram. Thomas P. Krueger, M.D., S. David Rockoff, M.D., M.Sc. (Radiology), Lewis F. Thomas, 


M.D., and Ayub Ky Ommaya, FRO Sass cbf  : d sun จ 506 
The Angiographic Differential Diagnosis between the Vascularized Malignant Glioma and the Intra- 

cranial Arteriovenous Malformation. John A. Goree, M.D., and Herbert T. Dukes, M.D........ 512 
The Cerebral Angiogram in Agenesis of the Corpus Callosum. Myron P. Nobler, M.D., Jerome H. 

Shapiro. M.D., and David Le M: Pine, บ ซอ uv eI AA eE eC RR adeo eoe £22 
Roentgen Manifestations of the Subclavian Steal Syndrome. Israel Steinberg, M.D., and Mordecai 

Taban M DE oe 3 2 333 00 ื ั ็ โ ั 8 ั 8 7 5 511 528 
The Subclavian Steal Syndrome. Martin 7. Fischer, M.D., and William E. Mattey, M.D..........- 532 
Clinical and Roentgenographic Aspects of the Subclavian Steal Syndrome. Robert N. Ashby, M.D., 

Bill G. Karras, M.D., and Abram H. Cannon, M.D..... cesses 535 


Vertebral Basilar and Carotid Angiography by Injection of Brachial Artery; A Cannula (Non- 
Catheter) Technique. Michael Scott, M.D., Frederick Murtagh, M.D., Marc Lapayowker, M.D., 


and Kobert M. Daird, MD S coco niet an cic 546 
Percutaneous Transfemoral Selective Arteriography of the Brachiocephalic Vessels. Fack L. Westcott, 

M.D., Kuo York Chynn, M.D., and Israel Steinberg, M.D....... lecce 554 
Percutaneous Left Brachial Aortography. Bil Gust Karras, M.D., Abram H. Cannon, M.D., and 

เจ ก ส เด ก M ล อ ล set Sd cxt dett a an eB eee 564 


Poststenotic Aortic Dilatation as a Roentgen Sign in Congenital Valvular Aortic Stenosis. Kur? R. 
Straube, M.D., John C. McMillan, M.D., Victor D. Menashe, M.D., and Charles T. Dotter, M.D. 5 ๆ 1 


Aneurysm of the Azygos Vein, Etiology Undetermined. William A. Walker, M.D.,............... 575 
Aneurysm of the Hepatic Artery; The Importance of Angiographic Visualization. John Doppman, 
M.D., Robert Shapiro, M.D., and Mario Conte, M.D. ... 0600 cence neee £78 
Roentgenologic Evaluation of Multiple Renal Arteries. George D. Davis, M.D., Owings W. Kincaid, 
MD) and Jam 6. Tunt; MAD 1 ก 1 ฝ 1 583 
Severe Pulmonary Venous Obstruction in Total Anomalous Pulmonary Venous Connection to the Left 
Innominate Vein; Report of Case. Lewis S. Carey, M.D., and Jesse E. Edwards, M.D............ £93 


The Roentgenologic Features of Single and Multiple Coarctations of the Pulmonary Artery and 
Branches. Brit B. Gay, Fr., M.D., Robert H. Franch, M.D., Wade H. Shuford, M.D., and James V. 


Rori a M DE ose 7 3051.( เ 10 ู 599 
Angiography of the Systemic Pulmonary Circulation. John Riley Williams, M.D., W. Curtis Wilcox, 

MD and ROC R Burnt M Dia Se aa bree cia eae GR 1410 ่ ์ 614 
Postmyocardial Infarction Syndrome. H. R. Arnold, M.D........... llis 628 
Roentgen Diagnosis of Pulmonary Embolism and Its Differentiation from Myocardial Infarction. 

ETAT MDT C ร ร ร ร ร 632 
Maternal Circulation in the Placenta of the Rhesus Monkey; A Radioangiographic Study. Martin W. 

Donner, M.D., Elizabeth M. Ramsey, M.D., and George W. Corner, Fr. M.D..... ccc cnn 638 . 
Single Lumen Balloon Catheter for Percutaneous Insertion: An Approach to Occlusion Angiography. 

Kurt R. Straube, M.D., and Charles T. Dotter, M.D... ccc ehe 650 
CONS MEE acre ta nS TTE EPOR 655 
Editorials 

The Language of Radiology, Lewis E. Etter, M.D... 0000 ccc tenes 656 

James Picker, 1882-1963. David Bennett... 000 cece ehh hr 659 

(Gustav P. Bucky. M.D. 1999-1953. ว ฝ ว ล ไฝ ส 7 ส ฝ ส 7 ส 7 7 ร 111 ฉ 1 ฉั ื 0 661 
BOOK ROVICW qe nous ned Nos ces en eR 3 323 uds Rd ES 7 662 
Book Received «ossis Gade REO p RR a 0 750 662 


Abstracts of Radiological Litetatute so 3 3 3 3 vb V aed esa i ke อ i 663 


vi Contents of Volume go DECEMBER, 1963 


OcTOBER, 1963. NUMBER 4 


The Rates and Patterns of Growth of 375 Tumors of the Large Intestine and Rectum okena Seri- 

ally by Double Contrast Enema Study (Malmö Technique). colse Welin, M.D., James Youker, 

M.D., and John 8. Spratt, Fr, M.D., with the pathological cossultation of Folke Linnell, M.D., 

Harlan J. Spjut, M.D., R. E. Johnson, M.D., and L. V. Ackernan, M.D..................... 673 
Schistosomiasis Mansoni: Roentgenologic Observations in a Nonerdemic Area. Arnold Chait, M.D.. 688 
The Roentgen Findings in Strictures of the Colon Associated with Ulcerative and Granulomatous 


Colitis. Richard H. Marshak, M.D., Claude Bloch, M.D., and Bernard S. Wolf, M.D........... 709 
"^ Demonstration of Fistulas by Vaginography. R. W. Lambie, M.D., S. Rubin, M.D., and D. S. Dann, 

เอ ก 1111+ ็ ฝ ็ ็ ็ 1 จ ็ (0 717 
Yaginography: 7009-0. อ ซอ ง | ฝ ล a “1 ฝ 1 ณ 0 721 
Celiography with Iothalamic Acid; Experimental Studies in Dogs znd Rats. Alexander R. Margulis, 

M.D., Galen B. Cook, M.D., Conse L. Tucker, M.D., and Sidmzy L. Saltzstein, M.D.. aa... 723 
The Roentgen Manifestations of Mesenteric Adenitis. M. H. Popp-l, M.D....... lle es 727 
Intramural Hematoma of the Jejunum; A Case Report. Gordon F. Culver, M.D., and Herbert 8. Pirson, 

เซ ล อ ด เภ เ . ็ 1 ฝ 732 
Pancreatic Cystadenoma with Intestinal Hemorrhage. H. Rosenbaam, M.D., P. F. Connolly, M.D., 

ARW CHIME, MIL. and W3. Reno MID. ic Se 8 eS y tuo las de 60 235 


Annular Pancreas in Infancy; Report of 3 Cases. Naim K. Atallah, Y.D., and Rafic E. Melhem, M.D. | 340 
Dermatomyositis with Significant Involvement of the Gastrointestiaal Tract. Frieda Feldman, M. D., 


Und Richard H- Marshak: MD. a ond obe ss 11 ป ข ฮ ๐ 0 ้ 0 746 
Adenoma of the Duodenal Bulb; A Case Report. Carl W. Boyer, Fr., Major, MC, USA, and Richard B. 

Helfrich, Major, MC, แส ลา ล ล อ ต อ ล ลา พ ล ม 753 
Intraluminal Duodenal Diverticulum. 7. C. H. Laudan, M.D., and G. I. Norion, M.D.,,.,........ 756 
Acute Organo-Axial Gastric Volvulus. Leo S. Figiel, M.D., and Steten F. Figiel, M.D......... uuu. 761 


The “Ring” Shadow in the Diagnosis of Ulcer. Mortimer Lubert, M.D., and George R, Krause, M.D.. 767 
Gastroesophageal Retrograde Mucosal Prolapse; A Cause of Upper Gastrointestinal Hemorrhage. 


Charles J. Fagan, Captain, MC, US Army, and Eddy D. Palmer, Colonel, MC, US Army...... 774 
Diagnostic Problems of Esophageal Cancer; Relationship to Achalasa and Hiatus Hernia. William B. 

Seaman, M.D., Josephine Wells, M.D., and Charles A. Flood, M.D....... ll llli lisse. 778 
Retrotracheal Lymphadenopathy in Bronchial Carcinoma, Revealed by the Barium-Filled Esophagus. 

Felix G. Fleischner, M.D., and Eckart Sachsse, MD.,........ cc tts 792 
Esophageal Hiatus Hernia of the Stomach. John 4. Martin, M.D......... 0000 eee 799 
The Lower Esophageal Ring; Long Term Follow-Up of Symptomatic and Asymptomatic Rings. 

Richard SCHAUER DD A oou ER asta enis AUR Bade Rota aad es 1 Gorei BOR 
The Anatomic Basis for the Lower Esophageal Contraction Ring; Hication Theory and Its Applica- 

tions. O. eur Shennon, MD. 3 edle dono adore aUa Ra aba ERROU e da 811 
Pharyngeal Cinefluorography in Clinical Practice. James H. Scatliff, 44.D., and M. Peter Scibetta, M.D. 823 
Internal Biliary Tract Fistulae. C. Jules Rominger, M.D., and Christopher W. Canino, M.D........ 835 
A Study of Fixed Filling Defects in the Well Opacified Gallbladder and Their Evolution. R. Vincent 

Grieco, M.D., Noel F. Bartone, M.D., and Anthony Vasilas, M.D.....000 6000 844 


Clinical Evaluation of a New Intravenous Cholangiographic Medium: 5,5 5’ Sebacoyl-diimino-bis 
(2,4,6-Triiodo-N-Methylisophthalamic Acid), A Preliminary Resort. Thomas R. Marshall, M.D., 


and Jod. Tang, M Ds hates ad ete Cele ล็ ็ ็ ั ว ว็ cdeU aS 854 
Renal Insufficiency following Cholecystography. Wiliam B. Seaman, M.D., Stuart Cosgriff, M.D., 
and Josephine Mello M ha 07 ็ ็ ็ 1+ ็ ็ 00 859 
Spatial Fluctuations of X-Ray Quanta and the Recording of Rad ographic Mottle. K. Rossmann, 
yp RENE tC NO SG 5 1++ เ ++111 0 863 
MMI. ds 870 
Editorials 
Some Aspects of Television Radiology. George A. Kling, M.D.......... Du us ม ม อะ ล ม มะ อ ล 871 
Manuel F. Madrazo, M.D., 1890-1963. Guillermo Santin, M.D.. . ...... mr 874. 
SEverete Ls Pirkey, M.D, 1915-1903. 7- T. Ling, MD eoo oe ede qd das 876 
Peter E. Russo, M.D., 1904-1963. Bert E. Mulvey, M.D.... eese. 878 
แป เส ล 3 ces cure ogee eee at ein uita eas e 11180 880 
Book Reviews... ts 2 2 3 7 7 ใ ใ ใ ( ็ ฝ ฝ 0 882 
Books Received sac sereno 7 ไห ซ ภ 5 ข (0 882 
Abstracts of Radiological Literature i.e 1111800 884 


VoL. 90, Nd. 6 Contents of Volume go vil 


NOVEMBER, 1963. NUMBER 5 


The President's Address. Gilbert H. Fletcher, M.D... 00000 ten ence eae 893 
Primary Processes of Deposition of Radiant ‘Energy and Initial Radiochemical Events. John W. Boag 896 
Biochemical Basis of Reproductive Death in Irradiated Cells. Henry S. Kaplan, M.D............. 907 
Quantitative Aspects of Radiation Lethality at the Cellular Level. F. E. Till...............Lsuu. 917 
Quantitative Aspects of Radiation Effects at the Tissue and Tumor Level. Harvey M. Patt, Ph.D... — 928 
Introduction to Symposium on Lymphomas. Tames F. Nickson, M.D........ 00 น น น น น น น 9 น น น น 938 
The Course of Stage I Malignant Lymphomas following Local Treatment. Alan C. Scheer, M.D.... ๑ 39 


Relationship of Histologic Features to Clinical Stages in Hodgkin's Disease. Robert Y. Lukes, M.D.. — 944 
The Contribution of Radiation Therapy in the Control of Early Lymphomas. M. Vera Peters, M.D.. — 956 
Role of Chemotherapy in the Management of Early Hodgkin's Disease. David 4. Karnofsky, M.D, `> 
Daniel G. Miller, M.D., and Ralph F. Phillips, M.D.... c cc cnet ae 968 
Cervical Lymph Node Involvement in Oral Cancer. Robert 4. Mustard, M.D., and Irving B. Rosen, 
M.D 


bui bod ล ภ ล ภ 7 ั ไ โ 1 (qutt siqui eim eun doma M ici edes Sees 978 
Metastases in Cervical Lymph Nodes from Oropharyngeal Carcinoma; Treatment and Results. R. H. 

Josie. MD. and Gilbert HL tehir; MD Losses ae tl 990 
The Treatment of Cervical Lymph Node Metastases from Carcinoma of the Hypopharynx. Lewis W. 

GUIS MID o 7 ก 11 dca dete sam s iui elo dtd 997 
End Results of Treatment of Cervical Metastases from Laryngeal Cancer. ohn V. Blady, F.A.C.S.... 1004 
Endometrial Carcinoma. Isadore Lampe, ได ห ้ ไว้ น น น น น ร ร ค 1011 
Experience with Preoperative Irradiation followed by Radical Cystectomy for the Treatment of Blad- 

der Cancer. Willet F. Whitmore, Fr., M.D., Ralph F. Phillips, M.D., Harry Grabstald, M.D., 

Eugene L. Bronstein, M.D., A. Ranald Mackenzie, M.B., Ch.M., and Omar Hustu, M.D........ IO16 
Combined Therapy, Irradiation and Surgery, for Advanced Cancer of the Laryngopharynx. Sidney M. 

Silverstone, M.D., Joseph L. Goldman, M.D., and Henry D. Rosin, MD..............s..sss... 1023 
Histology, Natural History and Results of Treatment of Mucous Gland Tumors. Margaret D. Snell- E 

Uu ล อ PR CSE อ ด esci oe Uae haa eee Ee 3 3 0810 ็ 5 ็ 90 1032 
An Unusual Case of Radium Toxicity. H. F. Lucas, Jr., R. E. Rowland, C. E. Miller, R. B. Holtzman, 

IR. X Hmc and My อ วา ร ร ร ร ร ร ร ร รา 1042 
The Use of Iodine 125 in Thyroid Scintiscanning. N. David Charkes, M.D., and David M. Sklaroff, 

M.D. with the technical assistance of Mrs. Tina Helock and Miss Barbara Cravitz.............. 1052 
Fecal Excretion of I™; A Pitfall in Interpretation of Body Scans. Bernard Schencker, Capt., M.C., 

U.S.A., and Joseph L. Marcarelli, Major; M.C., UL. c 1 ็ ฝ ็ 0 1059 
Liver Scanning for Extrahepatic Tumors. T E O'Donnell, เล bcos 1063 
Experimental Approach in the Use and Magnetic Control of Metallic Iron Particles in the Lymphatic 

and Vasuclar System of Dogs as a Contrast and Isotopic Agent. Phillip H. Meyers, M.D., 

Francis Cronic, M.D., and Charles M. Nice, Fr., M.D., PAD. cc eese. 1068 
*Second-Look" Lymphography. Rutheri Perez-Tamayo, M.D., John R. Thornbury, M.D., a 

JU James Atkinson Capt; USAF (MC) 0 จ 0 ภ 7777 แท แท ห แ ไ เ ไห ไ ไ ไห ไว ไ เ 1078 
EC occi nies MM TMNT tT 1087 
Editorial 

Computers in Dosimetry. Robert F. Shalek, Ph.D............sseeeeetti tt 1088 ` 
เก ส ด res, N 1 31 ื 040 ง จ 030 1090 
Boo ง ศศ ee ere 3 8 1 .3 ฝ 800 1092 
Books Received ooo 7 โ ื ส ฮ 1 ็ ็ ็ 0 1092 
Society Proceed nerio ro 3 33 7 ็ โ ็ โ ็ ั ั ็ ็ 1 ud 1094 
Abstracts of Radiological Literature............%4eeeeeoe eit 1099 

DECEMBER, 1963. NUMBER 6 . 
On the Preservation of an Image; The President's Address. Ralph M. Caulk, M.D................ 1121 
Some New Portable Radioactive Sources for Diagnostic Radiography. Kenneth L. Krabbenhoft, M.D., 

and Pare Le Green, M sss E Ge bakin Cet AT adu EUH a 1123 
Normal and Pathologic Roentgen Anatomy of the Middle Ear and Mastoid Process. Lewis E. Etter, 

NMED and LN O TO เซ ล เฮ M ovo 1143 
Technique for the Study of the Middle Ear; With Special Reference to Cholesteatoma. André Sans- 

E dE MA 7 โ ื ็ ็ ฝ ฝ ฝ 1156 


Pituitary Insufficiency Following Meningitis; Report of a Case with Roentgenographic Signs Simulat- 
ing Osteoporosis Circumscripta. Donald G, Wetherbee, M.D., and John W. Turner, M.D....... 1167 


"VAL Contents of Volume G2 | DECEMBER, 1963 
Traumatic Pneumocephalus. Robert ¥. Kahn, M.D., and Abin L. Daywitt, MILD.,,................ 1171 
The Ventricular Span in Cerebral Pneumography. H. Joachim Eurhenne, M.D., and Hugh Davies, , . 

อ ร ERE 1176 
Tuberculoma of the Brain. Leonard Berlin, M. D. ossis idera eR red Sa een S ees 1185 
Diencephalic Pseudotumor Effect. Leon Love, M.D., Sanford ¥. Lerson, M.D., and Beauvoir Edmond, 

เซ อ น ต eon CC erg เค ื อ อ์ วอ นั ง ถือ ส ป อ น อ โง กะ ง อ วา อ ร ม อ อ แอ ล่ ล ขอ อ น อ อ อ อ อ อ ล ม์ 1193 
Pantopaque Anterior Basal Cisternography of the Posterior Fossa. Harvey Gass, M.D... iussu. 1197 
Convenient Pneumoencephalography. 4. D. Sears, M Pp CETTE 1206 
Cervical Diskography; A Help or Hindrance in Evaluating Necz, Shoulder, Arm Pain? Ralph R. 

Meyer MD sa 68 1208 
Lateral Intrathoracic Meningocele; Case Report with Preoperative Diagnosis. Arthur Chandler, M.D., 

; and Furene B. Herobesser MD) S oes od ee os mo Verten 1 ่ 909][ 1216 
Late Spinal Blocks after Tuberculous Meningitis. Kazimierz Kozlowski, M.D....,................ 1220 
. Spinal Extradural Cysts; With Report of an Ossified Spinal Extradural Cyst. David F. Rosenblum, 

MD. und Joshua de อ MD 3 0 ว ล 70 จ 03 ห 3+ 1227 
Displacement of the Linear Thoracic Paraspinal Shadow of Brailsfcrd; An Early Sign in Osteomyelitis 

of the Thoracic Spine. D. Glyn Millard, M.B., B.$........... sess 1231 
Vertebral Epiphysitis: A Comparison of the Clinical and Roentgenslogic Findings. Hugh F. Williams, 

M Dand David GC Puh MAD is 7 ็ ้ 9 1 ฝ 0 ฝ 0 ่ 1236 
The Roentgenographic Aspects of Pseudogout (Articular Chondrocalcinosis); An Analysis of 20 Cases. 

Daniel F. McCarty, Fr., M.D., and Marvin E. Haskin, M.D.. assesses eese 1248 
Stress Fracture with Spondylolysis. Lee 4. Hadley, M.D... ccc tenet ees 1258 
Lumbosacral Retrodisplacement. Theodore A. Willis, MID.............sssessatt 1263 
The Brim Sign; A New Sign Found in Paget’s Disease (Osteitis Deformans) of the Pelvis. Thomas R. 

Marshall M.D., and J. T. Ling, MOD s ves eie doo epe oc Sa RE o iba RE dues d 1267 
Paget's Disease Confined to One Lumbar Vertebra. Melvin H. Scheiber, M.D., and Gene A. Richard- 

เบ ซา อก Re Ae ae eee TE Pe IOP ee 6 ็ ั ็ 650 ++++15 0 1271 
Fracture of the Lateral Process of the Talus. Christian V. Cimmitco, M.D..... cc es 1277 
Clinical Evaluation of Conray for Angiography in Patients witi Cerebrovascular Disease. Forge 

| Weibel, M.D., William S. Fields, M.D., E. Stanley Crawford, M.D., Michael E. Delaney, M.D, +. 

. and Arthur C. Beall FMD ES er rc aha en ati ead etn ende deu i quien cu ita bt 1281 
Sodium Iothalamate, Angio-Conray, i in Selective Angiography; Farther Evidence of Low 1 

T. Gerard Mudd, M.D., and Valee L. Willman, M.D......: eee ree. 1287 
An X-Ray Television Image Storage b pod eee Berci, M.D., and Albert F. Seyler, M. E. E, > 

เร Io 5 5 xTM 1290 
oun 2 ot Eu Leo atat E scu 7 ฝ ภ ฝ ฤ ็ ื ็ 0 1301 
Editorials 

The Sixty-fourth Annual Meeting of the American Ray Society. Kenneth L. Krabben- 

เบ ง น ล อ 33 rec br 13 ๐ 2 

Sherwood Moore, M.D., 1880-1963. Wendell G. Scott, M.D... cc nee Bates 1305 

A. Stanley Kirkland, M.D. , 1890-1963. Norman S. Skinner, I5) m 1309 

Harry W. Dachtler—Last Charter Member of the American Roentgen Ray Society. Yohn L. 

ก อา ล 555 1 น็ 00 1310 
The Scientific Exhibits..................L - 0 (0@ ee eee oh EEO 8 ็ น็ TR 1312 
The Teéhnical อ เกา 3 3 3 3 3 3 เ เ เ 0 1223 
News Items. 2 3 3 3 «1++ 0 " โธ โ โ โ (0 1325 
SS AL bedeestho TT sera M Ref sed ae 1326 
Books เจ โง ee pcr i GC Gar arenas Oa Rate leet 1327 
Abstracts of Radiological Literature................. ร ร ร ร ก จ ร ร ร ร ก ร า ร ร พ บ ชา า ร ร ก ร ร ร ร ร รา ร ว้ 1328 
Sub cct Indir to Volume odie 2 8 v qe ES AR เล 1 พ ฟ ฒ ฒ ณ ็ แล 00 1337 
Author Indes to Volume di อ อ ขอ อ เลอ อ ง อ ง ง ตะ อ อ ล อ อ 6 อ ตะ พ ื ่ อ อ ง จ อ อ อ อ ล ๑ 1347 


4- 
a vt 


THE AMERICAN JOURNAL 
OF ROENTGENOLOGY, 
RADIUM THERAPY AND. 
NUCLEAR MEDICINE 


Vou. 9 ๐ ^ "EL -= JULY, 1963 E No: 1 








— . CONTENTS 


‘Citas โล ร ต of : Genitourinary Tract Fanii Bladder — 
Neck ‘Dysfunction: THEODORE A. Tristan, M.D., Joun J. Murpuy, 
: M.D., Harry W. SCHOENBERG, M.D., ROBERT Tononowsk, B. A., 
AND Rosert D. Epperson, B.A. . I 
The Roentgen PIGET ซ์ Ureterocele in Children. Joun R. Tu HORNBURY, 
M.D: 


15 
Multiple Ureteral Diverticuta; A Case Report. Miro M. WEBBER, M. D., 
AND JOSEPH J. Kaurman, M.D. ; 26 
Trauma to the Ureter. RicHARD M. FRIEDENBERG, M. D., จ Ney, 
M.D., anb MILTON ELKIN, M. D... 28 
The Effect of (Foluntary) Bladder Distention on 1 the 1 ntravenous Pyelogram ; 
An Experimental Study. M. B. Nocrapy, M.D., J. S. DUuNBAR, M.D., 
AND D. W. MacEwan, M.D. . จ 7 
The Minute Sequence Pyelogram. JAMES F. MARTIN, M. D., WALTER E. 
Deyton, M.D., AND JAMES F. Guenn, M.D.. 55 
Total Body Opacification in Conventional and High Dose " niravenous Urog- 
raphy in Infancy. J. F. O'Connor, M.D., AND E. B. D. NEUHAUSER, 
M.D 63 
Extravasation Near the iero Junction. Ree M. FRIEDENBERG, 
M.D., anp CHARLES Ney; M.D. J 
The Significance of Selective Renal Antorini in I njuries of the Kidney i in 
Childhood. V. Carex, M.D., anp F. Foyrfx, M.D. 75 
Peripeloic Renal Cyst; Case Report with a Diagnostic Roentgen $1 gn. ROBERT 
SHAPIRO, M.D. . 81 


The Roentgenographic Appearance of Pulmonary Hemorrhage Associated with 
Glomerulonephritis. HAROLD M. Brannan, M.D., WILLIAM T. E. Mc- 
CAUGHEY, M.D., ann C. ALLEN Goon, M. D. 83 

Tumefactive Xanthogranulomatous Pyelonephritis. Norman L. AVNET, M. D., 
โซ ธ อ ๐ ธ ส ร บ บ ร W. Roserts, M.D., AND HERBERT R. GOLDBERG, M. D.. 89 


(Continued on p. iv) 


iv 


Contents, Continued 


Xanthogranulomaious Pyelonephritis. Marvin J. FRIEDENBERG, M.D., AND 
Haran J. Sejur, M.D. 

Hydronephrosis Due to Aberrant Blood Vessels Versus Communicating Peri- 
peloic Cysts: Their Roentgenographic Diagnosis. AurELIO C. Uson, 
M.D., Meyer M. Me icow, M.D., AND GERHART S. SCHWARZ, M.D. 

An Evaluation of Nephrotomography in Urologic Diagnosis. Davin M. Wir- 
TEN, M.D., Laurence F, Greene, M.D., AND Jonn L. EMMETT, M.D. 

Selective Renal Arteriography. PETER M. TILLOTSON, M.D., anb MORDECAI 
โร โด บ ก ธน อม, M.D. . 

The Accelerated Vascular Phase of Ihe Radioisotope Renogram i in Renovascular 
Hypertension. James L. Quinn, ITI, M.D. . 

The Effects of Apprehension on the Radiorenogram. โอ ร ๒ ธร K. โร บ ธร , Jr., 
GEORGE J. BAYLIN, WILLIAM J. A. DeMar, KATHRYN W. SHARPE, 
AND AARON P. SANDERS. . 

The Isotope Renogram in Carcinoma of the Cervix; 4 Preliminary Report. 
STANLEY DIiscHE, M.D., Lawrence Capitan, M.D., AND SIMON 
Kramer, M.D. . 

Tubular Loading As a Means of Improving the Radiorenogram. W. J. A. De 
Marta, R. KRUEGER, A. P. SANDERS, AND G. J. BAYLIN 

Demonstration of Lymphatic. Abnormalities in a Patient with Chyluria. 
Ricsard D. KITTREDGE, M.D., Sam Hasuim, M.D., Harrvic B. 
Ronorr, M.D., "THEODORE B. VAN ITALLIE, M.D., AND NATHANIEL 
FINBY, M.D... 

Isolated Arteriosclerotic Aneurysm. of a Common Tliac Artery 7 “Report of 3 
Cases. ISRAEL STEINBERG, M.D. 

Application of Cavernosography in the Diagnosis of Lesions of the Penis. 
THEODORE R. Ferrer, M.D.,.Jose R. Yunen, M.D., AND GERALD 
Dopp, M.D. ; 

A Practical Cineroentgenographic Frame Enlarger to Provide M: ultiple “Spot” 
Roentgenograms. Dewry P. BLACKSTONE, R.T. 

Image-Forming Quality of Radiographic Screen-Film Systems: The Line 
Spread-Function. K. Rossmann, Pu.D. . 

An Improved Chair for Pneumoencephalography and Autotomography. Kort 
AMPLATZ, M.D. . 

Wide Angle Roentgenography. HERBERT S. BERLIN, M. D., Sor M. UNGER, 
M.D., Leon J. Corsin, M.D., HAROLD G.  Jaconsos, M.D., AND 
MAXWELL H. POPPEL, M.D. . 

Officers 

Editorial | 
The Sixty-Fourth Annual Meeting of the American Roentgen Ray Society. 

RALPH M. Caur, M.D. 

Preliminary Program; Sixty-Fourth A Annual al Meeting um the American Roent- 
gen Ray Society E 

News Items 

Book Reviews . 


Books Received | ล . | | 
Abstracts of Radiological Literature : 


97 


10g 


11s 


124 


135 


โส 1 


149 


157 


I59 
166 


16g 
176 
178 
184 


189 
198 


199 


201 
205 
207 
208 
210 


LOCATE! CALIBRATE! FORGET! PRESERVE 


EE LUI 





cate the point of maximum Calibrate automatically. Forget about lens adjust- Preserve all your statis 
tivity rapidly and posi- PHO/DOT does the calcu- ments. The PHO/ DOT Scan- PHO/DOT's high-sp 
ely. Using PHO/DOT’s lating, just close a switch ner automatically couples the marker delivers a digit 
arch control, merely guide and peak a meter. The film lens aperture with the scan- record (approaching a cor 
e detector in a special high- will then display a linear ning speed and spacing. The uous tone representati 
ved motor-driven mode di- response from black-to-white result is an accurate photo-re- simultaneously with 
ctly to any point within corresponding to maximum- cording of consistent density. photo-recording. There i 
e scan area. to-minimum activity. odor or “blooming. 


ork out of photoscanning — hecause it's a step ahead in 24 wa 









SMILE! 

” 

nd Smile when you think about reliability. 
| The PHO/ DOT Scanner is guaranteed 
fully for one year. Complete coverage 

of parts, labor, shipping, preventive 


maintenance, and travel time is included . 





with the nurchase price. There are no exclusions. ‘ 


FUNCTIONAL CONVENIENCE: Maximum acces- 

. sibility to the table. There's NO FRONT LEG, covered 

the ULTIMATE in table design! up or exposed, to keep the radiologist away from the 

table and spot film device. He can work comfortably 

right up against the inward slope of the table body 

(just 14 inches away from the center) without back- 

breaking bending and strain, resulting in more ease 
and much less effort. 





no = ๑ Choice of manual, semi-automatic or fully auto- 
matic Spot Film Device. It is quickly, easily ‘‘parked’’ 


out of the way, leaving table top free and clear. Move- 

uU IL ซู IMA-T Q5 ment is smooth and light because of the weight-saving 
counterbalance method. Low profile of tower and spot 

HEAVY DUTY film device in “parked” position eliminates inter- 


ference with shock-proof radiographic cables. 
RADIOGRAPHIC-FLUOROSCOPIC PN 
๑ Tableoperates on a single fulcrum. Tilts 90? vertical, 
Y and full 15° Trandelenburg. Automatic horizontal stop 
X-RA TABLES is standard equipment. Provides coast-free tilting 


from foot switch on base or hand switch on spot device. 





A retractable step for patient's convenience is stand- 
FOR THE PATIENT: ard. Features power driven moving table top (op- 
the ultimate in comfort tional). 
ห . e Magnetic locks for all movements of the fluoroscopic 
FOR THE RADIOLOGIST: the ultimate and spot film staging. Switch control at operator's 
in efficiency and convenience...less fingertips or automatic operation by the spot device 
action. 


work and less effort to do it! 





FUNCTIONAL EFFICIENCY: The manually operated 
multiple plane fluoroscopic collimator is the proven 
best method of coning in radiography. It is now adapted 
for fluoroscopy as standard equipment, at no extra 
cost. 



















You get the built-in protection of a fluoroscopic col- 
limator, completely enclosed body and automatic 
bucky slot cover at no extra cost. 


FUNCTIONAL BEAUTY: a truly handsome table 
with clean, simple lines that is all new from the 
ground up. No unnecessary gadgets or decoration to 
increase cost or decrease function. It is handsome ina 
dignified way. Smooth surfaces are easy to clean and 
keep clean. Smart two-tone colors: light sand-tone on 
the body to emphasize working area; dark hammer- 
tone on base that continues to look good after years of 
cleaning, spillage or just plain abuse. This table is the 
finest exampe of Standard's more than 50 years of 
experience in the field ! 
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CINEFLUOROGRAPHIC INVESTIGATION OF 
GENITOURINARY TRACT FUNCTION* 





BLADDER 
By THEODORE 





ES 


HARRY W. SCHOENBERG, M.D., $ROBERT TOBOROWSKY, 
ROBERT D. EPPERSON, 


PHILADELPHIA, 


HE cinetluorographic, manometric and 
clinical findings m 86 children. ex- 
amined between January, 1961, and July, 
1962, who were referred for study because 
of urinary tract Infection are reported. The 
method of combined synchronous and 
simultaneous cinecystourethrography and 
direct cvstometry used to examine these 
patients has been previously described. 7 
The indications for this form of diagnostic 
studv are reviewed; the clinical. manage- 
ment of these patients is discussed and 
illustrative case material is presented to 
emphasize the prevalence and seriousness 
of the svndrome of bladder neck dysfunction 
in girls. 
The frequency of recurrent or 0 
pyuria, particularly s below 
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the age of pubertv, and the serious sequelae 
of vesicoureteral reflux, pyelonephritis and 
obstructive uropathy h yave been empha- 
sized in numerous publications. i35 
While it is clear that infection and ob- 

struction of the urinarv tract often present 
simultaneouslv, the dU non of which of 
these comes first and is, therefore, pre- 
sumably responsible for the subsequent 
events has not been and perhaps may never 
be satisfactorily answered. The practical 
prob lem of dealing with the child a has 
pain, fever, urinary frequency, enuresis, 
gross incontinence or presents with symp- 
toms of azotemia remains, however, and all 
too frequently is handled by over-enthusi- 
astic use of long and expensive courses of 
antibiotic therapy. We strongly urge that 


* From the Hospital of the University of Pennsylvania, Departments of Radiology and Department of Surgery, Division of Urology, 


Philadelphia, Pennsylvania, 
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every child who has symptoms that suggest 
urinary tract infection be studied to deter- 
mine the nature and extent of urinary tract 
abnormality. This requires complete uri- 
nalysis including microscopic examination 
of the centrifuged sediment of a fresh 
voided specimen in the male and a catheter- 
ized specimen in the female with a special 
search for bacteria on the wet or stained 
preparation. Bacteriologic studies must 1n- 
clude culture and antibiotic. sensitivity 
determinations on specimens similarly ob- 
tained. Excretory urography must be care- 
fully performed and followed with addi- 
tional roentgenograms until all possible เท - 
formation has been obtained.* While rou- 
tine voiding cystourethrograms are at- 
tempted in all patients, this single static 
roentgenogram, while useful in the male, 
may be misleading in the female. 


METHOD 


The patient is placed under light general 
anesthesia; the urinary bladder is filled with 
a radiopaque medium (usually hypaque 
5 ๐ per cent,* the same material diluted 
to not less than a 20 per cent solution w/v 
or 20 per cent pyelokont). The volume of 
radiopaque medium required to fill the 
bladder varies from 50 to 300 cc., the usual 
volume being rgo to 200 cc. When the 
bladder is palpable above the symphysis 
pubis, a percutaneous extraperitoneal punc- 
ture of the bladder wall is made using a 
No. 15 thin wall needle and a No. 19 poly- 
ethylene tubing is introduced into the blad- 
der. The needle is removed, and after the 
tubing has been taped to the abdominal 
wall, it is attached to a PR 23-2D-300 
Statham transducer. A convenient form of 
such sterile polyethylene tubing with a dis- 
posable needle is available (Intracath i). 

Intravesical pressures thus measured are 
recorded using a seven-channel Electronics 


* Trade name for diatrizoate sodium. Manufactured by Win- 
throp-Stearns, Inc., 1450 Broadway, New York 18, New York, 

T Trade name for sodium acetrizoate. Manufactured by Mal- 
linckrodt Chemical Works, Mallinckrodt Street, St. Louis 7, 
Missouri. 

t Intracath-R: (Bardic Deseret—Series 1514-19). Manufac- 
tured for C. R. Bard, Inc., Murray Hill, New Jersey. 
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for Medicine oscilloscopic photographic 
recorder. The pressure within the bladder 
is continuously observed during the pro- 
cedure on a display oscilloscope and the 
photographic record is simultaneously 
marked with a signal derived from a syn- 
chronous motor that drives the motion 
picture camera which is mounted on the 
image intensifier. Either a 16 mm. or a 35 
mm. motion picture camera is employed. 
At present a General Electric. Fluoricon 
image intensifier system is used, the 
roentgen-ray tube current being pulsed 60 
times per second for fluoroscopy, but only 
a single pulse 0.004 second in duration 
being delivered to the intensifier for each 
open-shutter phase of the camera. Thus, 
only 15 pulses per second are used during 
the cinefluorographic studv for the usual 
case. Because of the automatic compensat- 
ing devices for control of the roentgen-rav 
exposure so that the brightness level of the 
image intensifier remains constant, dose 
measurement is complex and is reported 
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Fic. 1. An image intensifier having an input screen 
with a diameter of 9 inches is mounted on a spot- 
film device attached to the fluoroscopic table at 
the right above. A motion picture camera 1s at- 
tached to the optical hood of the viewing system, 
inside of which the TE-g vidicon television camera 
is placed. The televised image 1s used to monitor 
the study. The intravesical pressure is also moni- 
tored and recorded simultaneously and syn- 
chronously on the 7-channel oscilloscope recorder 
at the left above. The strain gauge used to recorde 
the pressure and convert it to a signal 1s noted at B 
center, 


Fic. 2. A child under anesthesia is shown lying on 
the fluoroscopic table. Suprapubic percutaneous 
puncture of the bladder has been completed and 
the polyethylene tubing is shown connected to the 
strain gauge 1 ท the foreground. Note that the 
gauge Is mounted on a bracket that permits one 
to vary the level of the recording head of the 
gauge. The connecting needle is taped to the child's 
abdomen. 


elsewhere.? The entire diagnostic procedure 
Is carried out in daylight since the fluoros- 
copy and cinefluorography are observed 
on a television monitor. A TE-g General 
Electric vidicon chain is employed (Fig. 1 
and 2). 

When the manometric system has been 
balanced, the patient is permitted to re- 
cover from anesthesia and (with sufficient 
patience and time) excellent combined 
cinefluorograms and direct cystometro- 
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is usually left in place until the patient 
stirs, the immediate and rapid removal of 
the catheter acting as a stimulus for spon- 
taneous micturition. If the patient fails to 
void and becomes excited, the immediate 
administration of small amounts of anes- 
thetic agent (halothane) usually results in 
spontaneous voiding as the level of anes- 
thesia deepens again. 

We have performed cinefluorographic 
voiding cvstourethrography on 6 children 
after routine excretory urography to deter- 
mine the feasibility of combining those 
studies. The results were uniformly dis- 
appointing because the radiopaque medium 
present in the bladder was not dense 
enough to adequately outline the posterior 
urethra. 


MATERIAL 


Eighty-six children have been studied 
over an 18 month interval; 135 separate 
examinations were performed. Data con- 
cerning these patients are shown in Table 1. 

Early in the development of this pro- 
cedure, numerous examinations were un- 
satisfactory (23 patients, Table 1, Column 
2); some of these patients were studied 
again. Thirteen patients had uninterpret- 
able examinations (Table 1, Column 3). 
Lack of patience and an occasional tech- 
nical mishap accounted for these poor ex- 
aminations: patient unable to void (6 







































































grams are obtained. The urethral catheter times), postanesthesia excitement pro- 
TABLE 1 
I | 2 3 | 4 5 6 7 | 8 9 

Age Patients | Initially | Not Bladder | Urethral | Meatal | Miscel- T" 
(yr.) Studied Unsatis- Satisfactory Normal |? eck I YS" | Valves? Stenosis laneous Reflux 
Y factory function 

MÍIFIMIÍIFI!M | FIMIFIMIÍIFIM | F'M|FI|M | FIM|F 
๐ - I 2 3 I I I I I | I I | 
J= | I 
a= 4 3 5 I I I 3 2 | I I I I 3 
"m 5 Is I I 2 4 9 2 I 3 ~ 
ST 7 5 14 E 4 I 3 4 I 5 2 I I 2 2 7 
7- 9 7 9 2 3 2 2 2 5 2 I I 2 2 
9—1I 2 6 I 3 I 2 I 4 3 
II-I4 3 7 4 2 2 2 2 I 
Total 27 59 7 16 4 9 7 5 I 28 9 ๐ 4 4 5 4 5 22 
Total 86 23 13 22 29 9 8 9 27 
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liG. 5. Six year old girl who had had several episodes of pyuria, with prompt response to antibacterial ther- 
apy. (4) The bladder neck is of a normal caliber without unusual dilatations (print from a 16 mm. cine- 


^ 


fluorogram). ( B) Outline drawing of 4. (C) The patient's voiding pressure is in a normal range. 


hibited adequate cinefluorography (twice), 
light-striking of the cinefluorogram oc- 
curred on one occasion, there was insuffi- 
cient film in the motion picture camera 
once and light-striking of the pressure re- 
cord occurred once. On two examinations, 
the patient was placed 1 ท the posterior 
anterior projection (subject lying supine 
rather than in the usual recumbent poste- 
rior oblique or left lateral position) by in- 
experienced operators. It must be stressed 
that the examination is worthless unless 
the entire posterior bladder wall is visual- 
ized, including the trigone and the inser- 
tions of the ureters. 

Vesicoureteral reflux was not found in 
any of the 22 patients who were considered 


normal (Table 1, Column 4) both clinically 
and anatomically and who voided at nor- 
mal intravesical pressures. 

Twenty-nine patients, all females ex- 
cept 1, were regarded as having significant 
variation from the normal appearance or 
anatomic alteration of the bladder neck so 
that the diagnosis of bladder neck dys- 
function was established. It is of interest 
that in this group of patients the age 
ranged trom 2 years to puberty. This condi- 
tion has been observed in adults, but much 
less commonly. The symptoms caused by 
bladder intection clear spontaneously at 
about the age of puberty and onlv an, 
occasional adult presents with this problem. 
The patients comprising this group are 
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presented in more detail later. 

Nine males were thought likely to have 
urethral valves; the diagnosis was estab- 
lished by cystoscopy in 6 patients, the 
other 3 patients are strongly suspected of 
having this lesion, but the diagnosis has 
not been unequivocally established. Eight 
patients had meatal stenosis and several 
patients (Table 1, Column 8, "Miscella- 
neous”) may have minor degrees of this 
abnormality. 

Twenty-seven patients (Table 1, Column 
g) were observed to have vesicoureteral 
reflux, unilateral or bilateral and varying 
in severity from slight and transient reflux 
(observed for as short a period of time as 
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one-fifth second) to severe unilateral or bi- 
lateral chronic vesicoureteral reflux with 
almost total destruction of the kidnevs. 
Five of these patients had transient reflux. 
Four instances were noted in patients with 
elevated voiding pressures and only minor 
changes in the configuration of the bladder 
neck, while 1 patient with very transient 
reflux had anatomic changes at the bladder 
neck that were slightly more pronounced. 
This boy is chronically infected and may 
have a urethral valve as yet not visualized. 
[t is our feeling that vesicoureteral reflux 
is not normal, that it occurs at both normal 
and elevated intravesical voiding pressures, 
and that at present we are unable to cor- 





Fic. 4. Three and one-half year old girl who had had several episodes of dysuria, abdominal pain, urinary 
frequency, vaginal and vulvar redness, pruritus, and fever of 102?F. (4) The bladder neck shows minimal 
dilatation without evidence of narrowing (print from a 16 mm. cinefluorogram). (B) Outline drawing of 44. 
(C) The intravesical pressure is normal. This appearance of the urethra, while suspicious, 1s probably a 


normal variant. A meatal stenosis was not present. 
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Fro. 5. Six year old white girl with 7 previous episodes of dysuria, urgency, frequency, incontinence and 
enuresis. (4) The bladder neck is minimally narrowed (print from a 16 mm. cinefluorogram). (B) Out- 
line drawing of 4. (C) The voiding pressure is elevated. This patient probably has early bladder neck 


hypertrophy. 


relate the presence or absence of this find- 
ing, its severity and its relation to voiding 
pressure with any other physiologic or 
anatomic abnormality. It occurs in patients 
who have infection without apparent uri- 
nary tract obstruction and in patients with 
obstruction who are infected. Dilatation of 
the lower third of either or both ureters has 
been noted on the excretory urograms of 
patients who have vesicoureteral reflux and 
reflux has also been seen in patients who 
have roentgenologic evidence of pyelone- 
phritis. These urographic findings are, 
therefore, indications for voiding cystoure- 
thrography. 

A preliminary roentgen evaluation of the 
appearance of the bladder neck in some of 


these patients was reported in 1962.!? Fur- 
ther experience has permitted us to define 
the characteristic appearance of the outlet 
or neck of the bladder in frank d/adder 
neck dysfunction. Patients whose findings 
illustrate several aspects of this condition 
are presented and contrasted to the normal 
patient. 


ILLUSTRATIVE CASES 


J.D., a 6 year old white girl, had had several 
episodes of dysuria and confirmed urinary tract 
infection. Combined examination revealed a 
normal bladder neck and normal direct cysto- 
metrogram (Fig. 3, 4, B and C). This patient is 
one of a few in whom bona fide infection is 
present and in whom no bladder neck dysfunc- 
tion can be found. She responded well to short- 
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term antibiotics and is free of symptoms 9 
months later. Many children, particularly girls, 
wil have a urinary tract infection that 
promptly responds to treatment and does not 
recur. À patient with repeated or persistent 
pyuria without a bladder neck abnormality or 
other obstructive lesion is unusual in our experi- 
ence. 


E.B.]., a 3i year old white girl, presented 
with several episodes of dysuria, abdominal 
pain, urinary frequency, vaginal and vulvar Irri- 
tation, pruritus, and fever of 102°F. Despite 
antibacterial therapy, repeated attacks oc- 
curred. The excretory urogram was normal. 
Cinefluorographic studies suggested minimal 
widening of the posterior urethra just below the 
bladder neck, but voiding pressures were normal 


pyuria, and enuresis. The patient had received an almost infinite variety of antibacterials with only 
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(Fig. 4, 4, B and C). We regard this finding as 
suspicious of a lesion in the vesical outlet struc- 
tures. 


R.M.M., a6 year old white girl, was admitted 
for the eighth time with dysuria, frequency, 
urgency, incontinence and enuresis. Combined 
examination was performed and questionable 
narrowing of the bladder neck with moderate 
dilatation of the posterior urethra was noted. 
The appearance was not too dissimilar from 
that in the previous case, except that, in this 
instance, elevated intravesical pressure was re- 
corded during micturition. This patient is 
probably at the borderline between normal and 
dysfunction of the bladder neck (Fig. 5, 4, B 
and C). 


Comment. A number of patients who 


io 20. 30 
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Fic. 6. Nine year old girl with a long history of repeated urinary tract infections with symptoms of dysuria, 


temporary response. (4) Typical narrowing of the bladder neck was found at the time of the combined 
study (print from a 16 mm. cinefluorogram). (B) Outline drawing of 4. (C) The voiding pressure was 


markedly elevated. 
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Fic. 6. (D) The bladder neck was revised surgically, and at re-examination the bladder neck appears 
dilated. Bilateral vesicoureteral reflux was present preoperatively, but is best seen in the postoperative 
study. A cystostomy tube is in place in the bladder (print from a 35 mm. cinefluorogram). (KE) Outline 
drawing of D. (F) The intravesical peak pressure recorded during micturition is now at the top limits 
of normal. 


show more abrupt and localized narrowing sures. We regard the presence of the com- 
of the urethra at the bladder neck are bination of a narrowed bladder outlet and 
shown in Figures 6-10, inclusive. These pa- elevated intravesical pressure during mic- 
tients void at elevated intravesical pres- turition as an indication for surgical re- 
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laic. 7. Six year old girl who had had several episodes of urinary tract infection. (4) Cinefluorogram showed 
a typical deformity of the bladder neck (print from a 34 mm. cinefluorogram). (B) Following surgical re- 
vision of the bladder neck, a more nearly normal appearance is present. The child was examined awake 
and sitting, the contrast medium being injected through the suprapubic tube (print from a 35 mm. cine- 
fluorogram). (C) Outline drawing of 4. (D) Outline draw ing of B. 
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Fic. 8. This 6 year old girl with urinary tract infection was found to have vesicoureteral reflux at the time 
of cystography at another institution. She was referred for cinefluorography and combined study revealed 
(4) a defect typical of bladder neck hypertrophy and vesicoureteral reflux bilaterally (print from a 35 mm. 
cinefluorogram). (B) Outline drawing of 4. (C) As expected, intravesical voiding pressure was markedly 


elevated. 


vision of the bladder neck. For some of the 
above patients, postoperative studies are 
shown for comparison. 


DISCUSSION 


The etiologv of persistent or recurrent 
bladder infection in children, as alreadv 
indicated, 1s obscure as 1s the cause of 
vesicoureteral reflux. Hutch? recently re- 
viewed the theoretic aspects of this prob- 
lem and outlined a unified concept of the 
pathogenesis of upper urinary tract infec- 


tions. Whether this concept will stand the 
test of time Is uncertain, but the practical 
problem of identifying bladder neck dys- 
function in any of its myriad forms can be 
solved in great part by the use of the meth- 
od described here. Severe bladder neck 
hypertrophy responds to surgical therapy 
and must be promptly identified. When 
found in less severe forms, a trial of anti- 
bacterial therapy and dilatation of the 
bladder neck is advocated.” 

Several criticisms have been leveled at 
the concept of bladder neck dysfunction as 


Vor. 90, No. 1 


presented here. Some believe that no such 
lesion exists while others feel that, 1f it does, 
bladder neck hypertrophy is a secondary 
manifestation of chronic infection of the 
urinary bladder. That the latter may in 
part be true cannot be denied. That the 
lesion exists, causes obstruction, enhances 
or causes reflux and may lead to upper 
urinary tract destruction is clearly evident. 
A second criticism is that the concept of a 
poststenotic dilatation as described and 
suggested in this paper is untenable and 
that the dilatation is, in fact, secondary to 
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obstruction caused by some other lesion, 
e.g., a urethral valve or meatal stenosis. 
These patients have been very carefully 
studied with this possibility in mind. Some 
patients in this group did, 1 ท fact, have 
such lesions. There remains, however, a 
group of patients in whom the only satis- 
factory explanation for the combination of 
persistent or recurrent cystitis, repeated 
pvelonephritis, vesicoureteral reflux, ele- 
vated voiding pressures and the cinefluoro- 
graphically observed configuration of the 
bladder neck is that there is a demonstrable 





Fic. 8. (D) The vesical neck was revised surgically and the postoperative study now shows a widely dilated 
bladder neck and persistent vesicoureteral reflux (print from 35 mm. cinefluorogram). (E) Outline drawing 
of D. (F) The voiding pressure is still slightly elevated immediately postoperatively, but is lower than 


that recorded preoperatively. 
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lG. 9. Four year old girl who was noted to have vesicoureteral reflux elsewhere. She had many repeated in- 
fections of the bladder and moderate pyelonephritis. (7) Cinefluorographic study shows the typical defect 
suggesting bladder neck hypertrophy (print made from a 16 mm. cinefluorogram). (B) Outline drawing of 
A. (C) The voiding pressure is elevated. The patient was returned to her referring urologist for further care 
and subsequently the bladder neck was revised with almost complete remission of symptoms. 


hvpertrophv of the bladder neck muscula- 
ture that can be corrected bv surgerv. 


SUMMARY 


I. A combined cinefluorographic and 
cystometric method for evaluating the 
normal and pathologic phvsiologv of the 
bladder outlet is described. 

2. Eighty-six children have been ex- 
amined by this technique; a detailed de- 
scription of bladder neck dysfunction with 
particular emphasis on the roentgen cine- 
matographic appearance of bladder neck 
hypertrophy is presented. 


3. The need for immediate and vigorous 
diagnostic evaluation of the child present- 
ing with recurrent or persistent urinary 
tract infection is stressed. 


Theodore A. Tristan, M.D. 

Department of Radiology 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia 4, Pennsylvania 
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Fic. 10. Eight year old girl referred because of episodes of acute urinary tract retention. Further inquiry 
revealed that the patient had had symptoms suggesting infection, but these had never been documented. 
Urine cultures were positive, however, and cystoscopy revealed cystitis and urethritis. (/7) Cinefluoro- 
gram revealed dilatation of the posterior urethra with a narrow bladder neck (print made from a 16 mm. 
cineluorogram). (B) Outline drawing of 4. (C) The intravesical voiding pressure was elevated. 
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Fic. 10. (D) Some months following revision of the vesical neck, a repeat study shows a defect suggesting 

bladder neck hypertrophy. (E) Outline drawing of D. (F) The voiding pressure is at the top of normal 

limits. The patient had done well for a period of time postoperatively, but then had a recurrence of symp- 
toms. While she is presently being managed by urethral dilatation, further revision of the bladder neck 


may be required. 


10. Tristan, T. A., Murpuy, J. J., and SCHOEN- irr. Tristan, T. A., Murpny, J. J., and SCHOEN- 
BERG, H. W. Cinefluorographic investigation BERG, H. W. Diagnosis and management of 
of genitourinary tract function. Radiology, lower urinary tract dysfunction in children. 
1962, 79, 731—739. To be published. 
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THE ROENTGEN DIAGNOSIS OF URETEROCELE 
IN CHILDREN 


By JOHN R. THORNBURY, M.D. 


DENVER, COLORADO 


EPORTS on ureterocele in children 

have been appearing more frequently 
in the medical literature in the past decade, 
the majority in the foreign literature. The 
articles published in the United States have 
generally been in the journals of the special- 
ties of pediatrics and surgery. The relative 
lack of attention to this subject in the 
radiologic literature coupled with the prog- 
nostic importance of prompt, accurate 
roentgenographic diagnosis stimulated this 
review of cases of ureterocele in children 
seen at the State University of Iowa Hospi- 
tals. 

The term ureterocele denotes a cystic 
ballooning of the distal end of the ureter 
which impinges on the bladder lumen. It 1s 
frequently associated with duplication of 
the ureter and kidney. The clinical findings 
result from the obstruction of the ureter 
due to the ureterocele, and they vary ac- 
cording to the type and size of the uretero- 
cele. 

The first description of the condition was 
that by Noel in 1753, according to Ericc- 
son.’ The term ureterocele was coined by 
Stoeckel in 1907.7 The Greek combining 
form -cele, meaning hernia, was added to 
the stem, ureter. Prior to that time, it was 
termed “double bladder," “inverted por- 
tion of the ureter,” “cystic dilatation," or 
“ballooning of the ureter.” Caille's descrip- 
tion in 1888 was the first in the American 
literature." The most comprehensive of the 
past decade's articles on ureterocele in 
children appearing in the English litera- 
ture are those by Campbell, Ericcson,’ 
Gross and Clatworthy,* Kjellberg eż al.’ 
Stephens,* Uson eż al.” and Wershub eż al.’ 


TYPES OF URETEROCELE 


There are two types of ureterocele in 
children, simple and ectopic. The differenti- 
ation is based on the site of the orifice of the 
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ureterocele. A simple ureterocele involves a 
ureter that has its orifice within the con- 
fines of the bladder and situated on the 
surface of the ureterocele mass. An ectopic 
ureterocele is associated with a ureter that 
has its orifice in, or extending into, the 
urethra. 

Occasionallv, a ureteral orifice cannot be 
found at operation, neither in the urethra 
nor on the cystic-like mass projecting into 
the bladder lumen. Under these circum- 
stances, the configuration of the base of the 
ureterocele can aid in identifying its type. 
The simple type will have more of a pedicle- 
like base while the ectopic will have a broad 
base with extension into the urethra. Fig- 
ures I and 2 illustrate in diagrammatic 
fashion the two types. 


SIMPLE URETEROCELE 


Simple ureteroceles can be divided into 
two subtypes, small and large, for purposes 


Muscle of Bladder Wall 


Orifice 
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Fic. 1. Schematic drawing of the anatomic relation- 
ship in a simple ureterocele. Site of the ureteral 
orifice differentiates the types. 
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latter develops when the ureterocele is 


large enough to obstruct the bladder neck 
Muscle of Bladder Wall 


2 
N Duplicated 
แจ Ureter im 


by its mass, thus causing bilateral hydro- 
nephrosis. 

When duplication of the ureter and kid- 
ney 1s present on the side of a large simple 
ureterocele, the ureterocele is almost always 
associated with the ureter of the upper 
renal segment. In the bladder its orifice will 
be the lower of the orifices of the duplicated 
ureters and will be situated on the surface 


of the ureterocele mass. In reported series, 
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temales outnumber males in ratios of 2:1! 
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or 311." Figure 4 illustrates a large simple 





QUA เซ : | ureterocele with ipsilateral duplication. 
Orifice Wl น Internal Sphincter | 
of SES Ureth | 
Ureterocele retnra ECTOPIC URETEROCELE 
| : : . “ctopic ureterocele is alwavs large in size 
lic. 2. Schematic drawing of the anatomic relation Ect pk ureterocele ts al 2 | HOS iin i 
ships in an ectopic ureterocele. in relation to the bladder lumen. Ericcson? 


was the first to establish ectopic ureterocele 
as a distinct entity. The anatomic hallmark 
of the ectopic ureterocele is the passage of 
the distal ureter submucosally within the 
bladder wall after it has traversed the blad- 
der wall musculature. It then courses in the 
submucosal plane medially and inferiorly 
until it passes through the area of the in- 
ternal urethral sphincter. Its orifice may be 
round, as is the normal ureteral orifice, or 


of discussion of roentgenographic diagnosis. 
A small simple ureterocele is small in size in 
relation to the bladder lumen. It is associ- 
ated with only a mild degree of obstruction 
of the involved ureter, and it is almost 
never accompanied by duplication of the 
ureter and kidney. A small simple uretero- 
cele never is of such size that it can obstruct 
the bladder neck. Its appearance grossly is 
the popularly described "cobrahead" or 
“spring onion” configuration as found in 
adults. The small simple ureterocele is the 


may be slit-like in configuration, even up to 
| cm. in length. 
The orifice will be in the urethra. In the 


case of the slit-like configuration, the orifice 
rarest variety seen in children and in most 


reported series comprises less than 10 per 
cent. Sex distribution 1s about equal. Figure 


lites 
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3 illustrates the artist’s conception of a 
small simple ureterocele. 
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A large simple ureterocele is large in size 
in relation to the bladder lumen and can be 
large enough to nearlv fill the entire lumen. 
[n about 35 per Cent of cases of this tv pe, 
the ureterocele is associated with duplica- 
tion of the ureter and kidnev. It produces 
moderate to severe obstruction with extent 
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and degree determined by the mode of 
obstruction. Two varieties of ureteral ob- 
struction can ensue, unilateral or bilateral. 
The former is due to the block of the ureter 


í* 
which terminates in the ureterocele. The l'1G. 5. Artist's drawing of a small simple ureterocele. 
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will involve the proximal urethra and the 
bladder neck. The orifice is always proximal 
to the external urethral sphincter and in the 
region of the internal urethral sphincter. 
This accounts for the absence of inconti- 
nence despite the fact that, by terminologv, 
the ureter is of the ectopic variety. 

Occasionally, the orifice of the uretero- 
cele cannot be located, and the ureterocele 
appears grossly to be a blind sac. This will 
occur when the orifice is of the small, round 
variety and located well within the urethra. 
This anatomic configuration in an infant or 
small child produces considerable technical 
difficulty in demonstrating the orifice of the 
ureterocele at operation, and it mav be 
impossible to do so. At operation the base 
of the ureterocele will be found to extend 
into the region of the internal sphincter and 
into the urethra.? 

The ureter with this configuration will be 
blocked between acts of voiding due to 
contraction of the internal urethral sphinc- 
ter. The most poorly supported portion of 
the wall of this variety of ectopic ureter 1s 
that coursing submucosally in the bladder 
wall. Hydroureter results due to the ob- 
struction, and the initial ureteral dilatation 
occurs in this distal portion of the ureter, 
with the submucosal ureteral wall balloon- 
ing out to form the ectopic ureterocele. 

During the act of voiding, the obstruc- 
tion is partially relieved, and the degree of 
hydroureter may decrease. As the hydro- 
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Fic. 4. Artist's drawing of a large simple ureterocele. 
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dynamic relationships reverse toward the 
end of micturition, the ectopically-placed 
ureteral orifice permits reflux of urine up 
the ureter of the ectopic ureterocele. This 
has been demonstrated by Stephens? in his 
cystourethrographic studies. Both ectopic 
and large simple ureteroceles have been 
reported to have prolapsed through the 
urethra in females to present in the vesti- 
bule as a “vulval cyst,” but this has been a 
rare occurrence. 

[n ectopic ureteroceles, the incidence in 
females far exceeds that in males in ratios 
ranging from 9:1? to 13:1 In reported 
the English literature, duplication 
of the ureter and kidney has always been 
present. The unilateral and bilateral types 
of hvdronephrosis, as seen in large simple 


cases In 


ureteroceles, also occur with ectopic ureter- 
oceles but usually are associated with a 
more severe degree of obstruction. Figure 5 
illustrates an ectopic ureterocele with 1psi- 
lateral duplication. 


ROENTGENOGRAPHIC DIAGNOSIS 
Roentgenographic diagnosis is based 
upon demonstration of the bladder filling 
defect caused by the ureterocele impinging 
upon the bladder lumen. The frequent 
association of duplication of the ureter and 
kidney provides supplementary evidence. 
In the absence of a demonstrable bladder 
filling defect, this may be the only roent- 
genographic clue to the diagnosis. 
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The bladder filling defect can rarely be 
demonstrated in small simple ureteroceles 
in children. However, the incidence of 
demonstration of the bladder filling defect 
in large simple and ectopic ureteroceles 1s 
high, ranging from about 50 per cent* to 
over go per cent.? The bladder filling defect 
can be demonstrated by two means, intra- 
venous pyelography and cystography. With 
the former, it is important to realize that 
delayed roentgenograms up to at least 1 
hour often are necessary to allow enough 
contrast material to reach the bladder in 
order to delineate the ureterocele. Oblique 
views of the bladder area may be necessary 
to eliminate rectal gas as a misleading 
radiolucency. 

When intravenous pyelography is inde- 
terminate, the bladder filling defect may 
still be visualized by cystography. How- 
ever, it is not unusual to have the dense 
opacification of the bladder obscure the 
filling defect, even when the defect was 
clearly seen on the intravenous pyelogram. 
Another contributing factor to diagnostic 
failure in cystography, especially in ectopic 
ureteroceles, is the increased intraluminal 
bladder pressure with injection. This can 
result in regurgitation of the contents of the 
ureterocele up the dilated, atonic ureter, 
thus collapsing the ureterocele mass. 

The bladder filling defect in large simple 
and ectopic ureteroceles is a smooth bor- 
dered, large, radiolucent defect in the con- 
trast filled bladder. The large simple ure- 
terocele generally appears as a round or 
elliptical defect’? surrounded by contrast 
material. The ectopic ureterocele filling 
defect is generally elliptical or hemispheri- 
cal’ in configuration with no contrast mate- 
rial at its base. Very rarely, large simple 
ureteroceles may be present bilaterally, and 
these appear as heart-shaped filling defects 
on the bladder floor.’ None of this type were 
encountered in this series. 

Demonstration of the associated duplica- 
tion of the ureter and kidney depends upon 
excretion of contrast material by the dupli- 
cated segments. In the absence of function 
of one segment with function of the other 
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segment, duplication may be suspected 
from the displacement of the visualized 
segment by its hydronephrotic mate. Oc- 
casionally, the nonfunctioning upper renal 
segment ureter has a small, conical, blind 
renal pelvis ending in only a nubbin of renal 
tissue. In this situation, although duplica- 
tion is present, there is no displacement of 
the functioning lower renal segment. On 
delayed cystography, occasionally a non- 
functioning upper or lower renal segment 
will show reflux and demonstrate the pres- 
ence of duplication. 


FINDINGS IN PRESENT SERIES 


This study of ureterocele in children at 
the State University of Iowa Hospitals is 
comprised of 18 cases, all proven at opera- 
tion, 16 of which were seen since 1950. One 
was seen initially in 1938 and I in 1940. 
Two of the 18 were first seen at another 
hospital, had excision of the ureterocele, 
and were subsequently admitted to Univer- 
sity Hospitals for surgical correction of 
ureteral reflux associated with chronic 
infection. Follow-up information is avail- 
able on all but 1 case. 

Initial roentgenograms were available for 
current review in I5 cases. Written reports 
were on the records of 2 of the remaining 
3. The last of the 3 without initial roent- 
genograms currently available is reported 
as Case v in the latter portion of this ar- 
ticle. Anatomic findings at operation 
coupled with roentgenographic studies are 
the basis of Table 1. 

In 11 of the 15 cases with initial roent- 
genograms available for current evaluation, 
diagnosis was established roentgenographi- 
cally by demonstration of the bladder filling 
defect. Six of these 11 were established by 
intravenous pyelography. The remaining 5 
were made by cystography. 

Roentgenographic diagnostic methods 
failed, although ureterocele was present, in 
4 cases. One of these was a small simple 
ureterocele and was demonstrated only at 
cystoscopy. One was a large simple uretero 
cele located in a large bladder diverticulum 
and associated with crossed ectopic kidney. 
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Two were ectopic ureteroceles. The latter 3 
had indeterminate intravenous pyelograms, 
and on cystograms contrast density ob- 
scured the bladder defect. 

Duplication was demonstrated success- 
fully by function of both renal segments in 
8 of 12 cases in which duplication was pres- 
ent. In 2 of the remaining 4, duplication 
was suspected from displacement of a func- 


TABLE I 


URETEROCELES IN CHILDREN AT THE STATE 
UNIVERSITY OF IOWA HOSPITALS 





Small Large E ; 
l ; .ctopic 
Simple Simple tretes 
Ureter- Ureter- ^^ 
oceles 
oceles oceles 
A. With duplication ๐ 3 9 
I. Ipsilateral ๐ I 4 
2. Contralateral ๐ I ๐ 
3. Bilateral ๐ I 5 
B. Without Duplication 2 3 ๐ 
C. Age at Time of Diagnosis 
I. Less than 1 yr. ๐ 1 7 
4. 1 to 4 TF. I 3 2 
5. $ to 9 yr. I 2 ๐ 
D. Sex 
1. Male I 2 2 
2. Female I 4 7 
E. Side of the Ureterocele 
1. Right I 2 3 
2. Left O 4 4 
3. Bilateral I ๐ ๐ 
F. Orifice of Ectopic 
Ureterocele 
I. Slitat the bladder neck 2 
2. In the urethra 2 
3. Opening not found 5 
G. Total No. of Cases* 2 6 9 





* Does not include 1 patient with large ureterocele, type unde- 
termined, associated with ipsilateral duplication, (age 2 years, 
8 months), who had initial surgery at another hospital and whose 
details of surgery and cystoscopy are not available currently. 
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Configuration in Lorge Simple Ureteroceles 


3Yr. 9, Right 6 Yr. 9 ,Left Upper 8 Yr. Q ; Right 





8 Yr.o^ , Left 4 Mo. 9. ; Left Upper 





Small Simple Type Undetermined 


2 Yr. 9 ;Left Upper 


3 Yr. o" , Right 


Fic. 6. Configuration in large simple ureteroceles. 


tioning lower renal segment by a nonfunc- 
tioning, hydronephrotic upper renal seg- 
ment. In the other 2 cases neither of the 
renal segments on the duplicated side 
showed function. 

Figures 6 and 7 show the anatomic rela- 
tionships and summary of the diagnostic 
findings of the r$ cases with roentgeno- 
grams available for review. The figures were 
constructed from tracings of the roentgeno- 
grams. Nonfunctioning elements were con- 
structed from the findings at operation. 

The 3 cases without roentgenograms 
currently available were a small simple 
ureterocele, a large simple ureterocele, and 
an ectopic ureterocele. Roentgenographic 
diagnostic methods failed, according to 
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written record reports, in the first case. The 
second was diagnosed bv intravenous pvel- 
ography. The ectopic ureterocele is re. 
ported as Case v in the present article. 

The roentgenographic diagnosis, exclud- 
ing the 2 cases not seen initially, is summa- 
rized as follows: 


Small Large 


ว * Ectopic 
Simple Simple p, | 
1 i Ureter- 
Ureter- Ureter- ^ , 
ocele 
ocele ocele 
Bladder defect visualized, 
typical configuration for 
type ๐ 4 5 
Bladder defect visualized, 
but simulated different 
type (simple as ectopic or 
vice versa) O | I 
Bladder defect not visualized. 2 | 2 


REPORT OF CASES 


Case I. Small simple ureterocele (Hosp. No. 
£4-13818). Four months prior to admission, this 
3-year, 8-month-old boy was found to have 
blood-spotted underwear. He was treated with 
antibiotics for urinary infection, and the spot- 
ting ceased. Subsequently, spotting recurred as- 
sociated with dysuria, frequency, and supra- 
pubic pain. An intravenous pyelogram (Fig. 8) 
showed right hydronephrosis, and a delayed 
cystogram showed bilateral ureteral reflux. No 
bladder defect was seen. Upon admission to 
University Hospitals on December 6, 1954, he 
was afebrile, and no abnormalities were found 
on physical examination. Urinalysis revealed 
only an occasional white blood cell per high 
power field. Cystoscopic examination showed a 
normal-appearing bladder with the exception of 
a "small right ureterocele" which was resected 
transurethrally. An uneventful course ensued 
with discharge from hospital care on December 
8, 1954. Three outpatient visits were made over 
the following year. The boy was asymptomatic, 
and urinalysis was normal. Several intravenous 
pyelographic examinations showed persistent, 
though decreasing right hydronephrosis. Bi- 
lateral ureteral reflex was demonstrated on the 
only postoperative cystogram, made on Janu- 
ary 25,1955. 
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Configuration in Ectopic Ureteroceles 


3 Mo 9 ; Right Upper 


6 Mo 9 , Right Upper 2 Yr. 9, Right Upper 


Mo. 9 ; Right Upper 3 Mo. c , Left Upper 9 Mo. 9 ; Left Upper 


; Left Lower 
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O Non- Visualization C* Cystogram 
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Fic. 7. Configuration in ectopic ureteroceles. 


Case rr. Large simple ureterocele without 
duplication (Hosp. No. 61-4244). This 81 year 
old girl was admitted to University Hospitals on 
March 27, 1961 with a 6 month history of re- 
current urinary infection. Upon admission she 
was afebrile, and physical examination was 
normal. Urinalysis showed 7-10 white blood 
cells per high power field. An intravenous pyelo- 
gram (Fig. 9) demonstrated a normal left kid- 
nev and ureter and nonfunction on the right. A 
bladder defect with a configuration of a large 
simple ureterocele was well delineated. A cvsto- 
gram was not made. At cystoscopy a normal left 
ureteral orifice was seen. The right side of the 
trigone was obscured by a spherical, cyst-like 
mass with its pedicle at the usual site of the 
right ureteral orifice. No right ureteral orifice 
wis seen. 

On March 30, 1961, the bladder was opened 
via a suprapubic incision, and a 5 cm. in diame- 
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ter ureterocele with a ureteral orifice on its sur- 
face was encountered. This was associated with 
a single right ureter which was tortuous and di- 
lated, including the renal pelvis. The left ure- 
teral orifice was normal. The ureterocele was 
circumferentially excised to its base. The redun- 
dant, distal right ureter was removed, and a 
right ureteroneocystostomy (Vest) was per- 
formed. The patient was discharged April 12, 
1961, asymptomatic, and was placed on sulta 
therapy for 2 weeks. On June 19, 1961, she was 
seen and found to be doing well without com. 
plaint. No pyuria was found. 


Case 111. Large simple ureterocele with bi- 
lateral duplication (Hosp. No. 60-8733). For 4 
vears prior to admission, this 6 vear, 9 month 





Frc. 8. Case r. Intravenous pyelogram showing right 
hydronephrosis but no bladder defect in a 3 year 
8 month old boy with a right small simple uretero- 
cele. 
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Intravenous pyelogram showing 


Fic: 9. Case It. 
nonfunction on the right and a normal left kidney 
and ureter in an 813 year old girl with a right large 
simple ureterocele. The bladder defect is char- 
acteristic. 


old girl had recurrent urinary infections with 
gradual progression in severity. On admission to 
University Hospitals on June 9, 1960, she was 
underweight, appeared chronically ill, and had 
left flank tenderness. She was afebrile. Urinaly- 
sis showed a trace of albumin and clumps of 
white blood cells. Intravenous pyelogram and 
cvstogram (Fig. 10, .7 and B) showed bilateral 
ureter and kidney duplication. All segments 
were normal except the left upper which was a 
small hvdronephrotic sac. There was a bladder 
defect with the configuration of a large simple 
ureterocele. At cystoscopy a large left uretero- 
cele was seen with an orifice on its medial sur- 
face. This was catheterized, and contrast ma- 
terial showed association with the left upper 
renal segment ureter. No other left orifice was 
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Fic. 10. Case rir. (4) Intravenous pyelogram and (B) cystogram. There is bilateral duplication with the left 
upper renal segment a small sac. This segment was associated with a large simple ureterocele with char- 


acteristic bladder defect. 


seen. Two normal sized right ureteral orifices 
were noted. 

On June 30, 1960, the left kidney was ex- 
plored through a flank incision. The upper renal 
segment was about 2 cm. in diameter, and its 
ureter was tortuous and dilated. The lower 
renal segment and ureter were normal. A left 
upper heminephrectomy and partial ureterec- 
tomy were performed with the ureter being 
transected at the level of the lower pole of the 
kidney. Postoperatively, the patient did well 
and was discharged on July 13, 1960 without 
medication. Three outpatient visits ensued at 2 
weeks, 3 months, and 9 months after discharge. 
She was asymptomatic, gaining weight, and had 
normal urinalyses. Intravenous pyelography 
at each visit showed normal duplicated right 
kidney and ureter. On the left, faint function 
was seen but was otherwise indeterminate. 


Case Iv. Ectopic ureterocele with ipsilateral 
duplication (Hosp. No. 56-15381). Several 
weeks prior to admission, this 3 month old girl 


had a febrile illness with cough and fever which 
did not clear with antibiotic therapy. Urinalysis 
then showed pyuria. Upon admission to Uni- 
versity Hospitals on November 15, 1956, she 
was dehydrated and had a temperature of 
103.4° F. A poorly defined left lower quadrant 
mass was palpable, and urinalysis showed 3-5 
white blood cells per high power field. An intra- 
venous pyelogram (Fig. 11,7) showed right hy- 
dronephrosis. On the left there was faint func- 
tion suggesting duplication with severe hydro- 
nephrosis of both segments. Very little contrast 
material was in the bladder, and no defect was 
seen. On the cystogram (Fig. 11 B) a large, hemi- 
spherical bladder defect which had the config- 
uration of an ectopic ureterocele was seen on the 
lett. Cystoscopy was not done. 

On November 20, 1956 at operation through 
a suprapubic incision, the left lower quadrant 
mass proved to be a large, duplicated left kid- 
ney. The upper renal segment and its ureter 
were moderately dilated. The lower renal seg- 
ment was the size of an orange and associated 
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with a tortuous dilated ureter about 4 cm. in 
diameter. This lower segment ureter was associ- 
ated with a “tremendous ureterocele" that was 
causing bladder neck obstruction. A left lower 
heminephrectomy with complete removal of the 
ureter and its ureterocele was performed. An 
uneventful recovery followed. Two outpatient 
visits at 6 and 12 months after operation were 
made. She was asymptomatic with normal uri- 
nalysis at both visits. Intravenous pyelography 
on the last visit showed the left upper renal seg- 
ment and ureter to be normal. The right col- 
lecting system and ureter were also normal. 


Case v. Ectopic ureterocele with prolapse 
through the urethra and ipsilateral duplication 
(Hosp. No. §7-11797). For most of her life, this 
27 year old medical student's wife had mild, re- 
current “cystitis.” At the age of 4 years at 
another hospital, she had a mass removed which 
had apparently protruded from the urethra. 
Since that time, episodes of frequency and burn- 
ing were mild until 1959, when they became 
more frequent and persistent. She was seen in 
University Hospitals Urology Outpatient Clinic 
for an episode of left flank pain. Cystoscopy 
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showed distortion of the trigone with inflamma- 
tory changes of the mucosa. A single ureteral 
orifice was seen bilaterally and considered nor- 
mal. An intravenous pyelogram (Fig. 12 77) 
showed aormal collecting systems and ureters 
except that the left kidney appeared displaced 
slightly laterally. Urinalysis showed 1 plus 
albumin and many white blood cells. She was 
treated for trigonitis, with several recurrences 
over the next 9 months. 

On March 21, 1960 she was admitted to Uni- 
versity Hospitals after a two-balloon-catheter 
urethrogram (Fig. 12 B) showed reflux of con- 
trast material up a dilated ureter to the left 
upper renal segment which was nonfunctioning. 
At cystoscopy a shelf over the trigone on the 
left was described. This was fenestrated and 
was considered the base of the mass which was 
removed at the age of 4 years. There were 
single, bilateral, normally located and appear- 
ing ureteral orifices. The urethral orifice of the 
upper renal segment ureter could not be seen. 

On March 23, 1961, a left upper heminephrec- 
tomy with complete ureterectomy of the ectopic 
ureter was performed. This ureter was dilated 
to about 4 cm. in diameter. The left upper renal 





Fic. 11. Case 1v. (4) Intravenous pyelogram and (B) cystogram which followed. There is right hydrone- 
phrosis and left duplication, with hydronephrosis of both renal segments, the lower being a large sac. The 
bladder defect at the base is characteristic of ectopic ureterocele. The defect within the bladder is the air- 
filled Foley catheter bag. 
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Fic. 12. Case v. (4) Intravenous pyelogram and (B) urethrogram. There is lateral displacement of a normal 
appearing left collecting system and ureter. The urethrogram shows reflux of contrast material up the di- 


lated ureter to the left upper renal segment. This 
ectopic ureterocele in early childhood. 


segment parenchyma was thinned out, and its 
renal pelvis was mildly dilated. Postoperative 
recovery was uneventtul. The urologist’s opin- 
ion was that the mass removed at the age of 4 
vears was actually a ureterocele of the upper 
renal segment ureter that had prolapsed 
through the urethra. The fenestrated area of the 


left side of the trigone represented the base of 


the original ureterocele. 
SUMMARY 


t. Evaluation. of the roentgenographic 
diagnosis of ureterocele in children is pre- 
sented, based on the experience in a series 
ot 16 cases at the State University of Iowa 
Hospitals. 

2. The primary tvpes of ureterocele in 
children, simple and ectopic, are discussed 
in regard to anatomic configuration, meth- 


year old woman had amputation of a prolapsed left 


ods and pitfalls of roentgenographic diag- 
nosis, and diagnostic signs. 

3. The roentgenographic diagnosis is 
based upon the demonstration of a char- 
acteristic bladder filling defect by intra- 
venous pyelography or cystography. A 
hlling detect was not demonstrated in the 2 
cases of small simple ureterocele in this 
series. À large simple ureterocele produced 
a filling defect in § of 6 cases of this type. 
An ectopic ureterocele produced a filling 
detect in 6 of 8 cases. 

4. It was possible to differentiate a large 
simple ureterocele from an ectopic uretero- 
cele bv the configuration of the bladder 
hliing detect in 9 of 11 cases in which a 
defect was demonstrable roentgenographi- 
cally. The bladder filling defect in a large 
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simple ureterocele was typically round or 
elliptical, surrounded bv contrast material. 
Ectopic ureterocele presented as an ellipti- 
cal or hemispherical defect with no contrast 
material at its base. 
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Ureterocele 
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MULTIPLE URETERAL DIVERTICULA 
A CASE REPORT 


By MILO M. WEBBER, M.D.,* and JOSEPH J. KAUFMAN, M.D.t 


LOS ANGELES, CALIFORNIA 


RETERAL diverticulosis 1s ส ท ex- 

tremely rare condition. The solitary 
ureteral diverticulum is more common, 
although it, too, is relatively rare. Reports 
of solitary diverticula have been published 
as early as 1933 by Kretschmer.* The first 
reported cases of multiple ureteral diver- 
ticula were by Holly and Sumcad? in 1957. 
We are aware of only 12 cases of multiple 
ureteral diverticula which have been re- 
ported in the literature. This condition is 
not mentioned 1 ท most urologic textbooks. 
Although Rank e a/.° state that the condi- 
tions are probably identical, ureteral diver- 
ticulosis appears to be an entity distinct 
from the solitary ureteral diverticulum. 


REPORT OF A CASE 


A 56 year old white man whose main com- 
plaint was dysuria and loin pain was admitted 
to the University of California at Los Angeles 
Medical Center. The patient had a spell of 
dizziness approximately 5 weeks prior to ad- 
mission. He gave a long history of bilateral 
flank pain associated with dysuria, frequency 
and a poor urinary stream. This problem had 
started 30 years ago and had progressed gradu- 
ally to the time of this admission. Gravel was 
passed in the urine 30 years previously and had 
recurred numerous times over the years. Occa- 
sionally, the patient noted the passing of small, 
visible stones. There was no other relevant past 
history or family history. 

On physical examination the blood pressure 
was 150/90, temperature was 37°C., respiration 
was 20, and pulse was 80. The patient was 
somewhat apprehensive but in no obvious dis- 
tress. The head, eyes, ears, nose, throat, and 
mouth were all unremarkable. The neck, chest, 
and abdomen also showed negative findings. 
Neurologic examination was within normal 
limits. Rectal palpation revealed a moderate 
prostatic enlargement of benign consistency. 


The prostatic enlargement was confirmed by 
cystescopic examination and the remaining ob- 
servation of the bladder was not remarkable. 
Retrograde ureteropyelography was performed 
at the time of cystoscopy and roentgenograms 
showed bilateral multiple diverticula of the 
ureters (Fig. 1 and 2). The chest roentgenogram 
was negative. The patient underwent a trans- 
urethral resection of the prostate and had a 
satisfactory postoperative course. 


DISCUSSION 


The patient presented in this report 
suffered from prostatism as was the case in 
the patient reported bv Dolan and Kirk- 
patrick.! In the etiology of this obscure 
condition factors of increased intraureteral 





Fs. 1. Retrograde pyelogram following withdrawal 
of the catheters shows that the ureteral diverticula 
are apparent bilaterally. 


* Assistant Professor, Department of Radiology, UCLA Center for the Health Sciences. 
T Associate Professor, Department of Surgery-Urology, UCLA Center for the Health Sciences. 
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pressure and infection secondary to lower 
urinary tract obstruction must be consid- 
ered. 

Infection, ureteral calculous disease, and 
lower urinary tractobstruction appear to be 
prominent features in the previouslv re- 
ported cases. However, it is difficult to 
assume a cause and effect relationship 
because of the rarity of the condition and 
the fact that the pathologic sections are 
rarely available. Mims? presented a case in 
which he felt that the patient had micro- 
scopic cyst formations secondary to chronic 
low grade infection, while Fagerstrom? sug- 
gested that occluded mucosal crypts might 
be responsible etiologic factors. 

It is conceivable and has been suggested 
that ureteral diverticulosis forms in areas of 
weakening of the ureteral wall subsequent 
to the passage of ureteral calculi. While 


[“16. 2. Enlarged view showing close-up appear- 
ance of ureteral diverticula on the right. 
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such trauma to the ureteral wall may occur 
and lead to the formation of diverticula, it 
appears more likely that this type of 
ureteral diverticulosis is caused by con- 
genital defects of the ureteral wall and 
that lithuria, chronic obstruction, and in- 
fection might be contributing etiologic 
factors. 

In Mims’ case the defects increased in 
size after catheter drainage, but in our case 
no significant change was seen on retro- 
grade ureterograms made 3 months after 
the prostatectomy. 


CONCLUSION 


A case of multiple ureteral diverticula is 
presented. The patient had prostatism, 
chronic infection, and lithuria as possible 
contributing causes to a condition in which 
the etiology seems most likely related to 
congenital defects of the ureteral wall. 


Milo M. Webber, M.D. 

Department of Radiology 

UCLA Center for the Health Sciences 
Los Angeles 24, California 
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By RICHARD M. FRIEDENBERG, 


RETERAL injury has increased mark- 

edly during the past two decades 
paralleling the increase in the use of retro- 
grade instrumentation and the more exten- 
sive and complicated pelvic surgery per- 
formed primarily for carcinoma involving 
the gvnecologic organs. 

Injury of the upper ureter is usually 
secondary to instrumentation or war in- 
juries. Traumatic closed rupture of the 
ureter from external trauma (produced bv 
compression of the kidney against the 
twelfth rib or upper lumbar transverse 
processes with stretching or tearing of the 
ureter by lateral Rexion of the trunk) is rare 
as the ureters are well protected throughout 
their entire course. 

Trauma to the lower ureter 1s usually 
secondarv to Instrumentation or surgical 
intervention and usually occurs where the 
ureter enters the broad ligament, where the 
ureter crosses the common iliac vessels or 
where it enters the bladder. 

The major complications of ureteral 
trauma include: (1) complete ureteral ob- 
struction leading to loss of renal function; 
(2) ureteral stricture leading to hvdroneph- 
rosis; (3) abscess formation with the abscess 
draining through the skin resulting in a 
sinus tract; and (4) fistula formation such 
as uretero-vaginal or uretero-rectal fistula. 


CLASSIFICATION OF URETERAL TRAUMA 


d. Surgical 

Direct injury —cutting, tving, kinking 
or clamping of the ureter. This mav occur 
in any type of gynecologic, abdominal or 
genitourinary surgery. 

Indirect injury—this refers to post- 
surgical adhesions or inflammatory lesions 
which involve the ureter producing obstruc- 
tive phenomena. Loss of blood supply will 
cause stricture and necrosis. 


Jury, 1963 


E URETER* 


and MILTON ELKIN, M.D. 








NEY, M.D., 


TORK 


E. Instrumental 

Perforation bv catheter. 

Rupture from pressure of injection 
distal to an obstruction; usually occurring 
in à diseased ureter. 

C. Foreign Body 

The most common is broken pieces of 
catheter. 

Wires, bullets, etc. have also been 
reported within the ureteral lumen. 

D. External Trauma 
t Penetrating wounds 
wounds or bullet wounds. 

Major external trauma to the abdo- e 
men without penetration, 

E. Radium or Radiation Therapy 

Usually late stricture following radia- 
tion therapy for carcinoma of the cervix. 





such as stab 


SURGICAL TRAUMA 


Surgical trauma to the ureter is most 
often seen in gynecologic procedures. The 
highest incidence follows the Wertheim 
hysterectomy. It has been estimated that in 
radical procedures for carcinoma, injury 
occurs a SU NU 1 ๐ เย cent 


Pine from 1 to 21 per cent. "Dari ring surgery, 
one or ae ureters may Ge 0 caus- 
ET of 2 pem [p if 
amuria 15 present for 8 to 10 hours after 
major pelvic surgery, the possibility of bi- 
lateral ureteral injury must be suspected. 
Catting or ligation of the ureters usually 
produces prompt symptoms. Kinking, 
crushing or clamping of the vascular supply 
to the ureter may not produce evidence of 
ingury until several weeks after surgery 
when necrosis of the ureteral wall may 
occur. The commonest complication in such 
cases Is uretero-vaginal or uretero-cutane- 
ous fistula. Uretero-enteric fistulas are verv 


* From the Department of Radiology and Urology of The Bronx Lébanon Hospital Center, the Department of Radiology of The 
Bronx Municipal Hospital Center, and the Department of Urology of New York Medical College. 
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rare. [n such cases, the sooner the fistula is 
corrected, the better will be the functional 
results. The preferred method of correction 
is ureteral reimplantation or end-to-end 
anastomosis of the ureter. 

Figures 1 through 7 illustrate the roent- 
genographic findings in several cases of 
surgical injury. 


INSTRUMENTAL TRAUMA 


Associated with more frequent use of 
retrograde examinations, there has been a 
marked increase in the occurrence of trau- 
matic perforation of the ureter (Fig. 8). 
This may occur in any site 1 ท a diseased 
ureter. It is most often seen distal to the 
site of stricture or stone. In a normal ureter 

QU usuallv occurs at the uretero-vesical 
junction and less commonly at the uretero- 
pelvic junction. Occasionally, perforation 
occurs following coiling or knotting of the 
catheter within the ureter or renal pelvis, 
making withdrawal difficult or impossible. 
The use of specialized catheters such as 
stone extractors, bulb catheters, etc., leads 
to perforation more commonly than the 
use of routine ureteral catheters. 

In most instances of catheter rupture, 
spontaneous healing occurs within 1 to 2 
weeks without surgical intervention and 
without splinting of the ureter by catheter. 
This, in essence, is similar to the extravasa- 
tion seen at the site of anastomosis follow- 
ing ureteral lithotomy. The ureter heals 
spontaneously in 1 to 2 weeks, provided 
there is no obstruction to the passage of 
urine down the ureter. 

At the uretero-vesical junction three 
tvpes of perforation and extravasation are 
observed. The first is perforation of the 
ureter proximal to its entrance into the 
bladder. The remaining two occur in the 
short intravesical segment of the ureter and 
consist of an intramural extravasation and 
a submucosal extravasation. Figures 9 
through 11 show the typical roentgen ap- 
pearance of the usual retroperitoneal extra- 

\vasation as compared with the intramural 

“and submucosal extravasations of contrast 
media. 
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Fic. 1. Accidental ligation of the right ureter oc- 
curred during hysterectomy. Approximately 2 
weeks later the patient developed right flank pain 
and an intravenous pyelogram revealed nonfunc- 
tion on the right side. The retrograde study shows 
filling of the distal stump of the right ureter to the 
point of ligation. A temporary nephrostomy was 
done and an attempt was made to establish conti- 
nuity of the ureter. This was unsuccessful and 
nephrectomy was finally performed. 


Occasionally, in dilated ureters or hydro- 
nephrotic kidneys, kinking or knotting of 
the ureteral catheters occurs which makes 
it difficult or even impossible to withdraw 
the retrograde catheters (Fig. 12). 


FOREIGN BODY 


Foreign bodies within the ureteral lumen 
are always the result of instrumental ma- 
nipulation. The most common foreign 
bodies are caused by the breaking of a 
catheter within the ureter or separation of 
the tip of an instrumental catheter (Fig. 13, 
A and B). If the foreign body is of large 
size, surgical removal mav be necessarv. 


EXTERNAL TRAUMA 


As previously stated, the ureters are well 
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Frc. 3. Three days after hysterectomy for a fibroid 
uterus, the patient developed left flank pain. The 
pain persisted and approximately 1 week later a 
retrograde examination was performed. The pyelo- 
gram shows marked kinking of the catheter just 
above the ureteral vesical junction with a moderate 
degree of hydroureter and a marked degree of 
hydronephrosis. The ureter was presumed to have 
been caught in a suture at the time of the previous 
surgery. This represents an incomplete obstruction 
and was treated conservatively with dilatation by 
catheters. The hydroureter and hydronephrosis 
decreased and the patient retained satisfactory 
function. 


x 
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Trauma to the Ureter 2] 


Fic. 2. During a hysterectomy for removal of a fibroid uterus, the right ureter was accidentally tied. Ten 
days after surgery the patient reported leakage of urine from the vagina. (4) The retrograde study, made 
approximately 2 weeks after surgery, shows filling of the distal stump of the ureter to the point of ligation. 
(B) The intravenous pyelogram shows function of the right kidney with a moderate degree of hydro- 
nephrosis. The ureter proximal to the ligated region communicates with the vagina (arrow), allowing 
drainage of the kidney without loss of renal function. At a later date, reimplantation of the proximal ureter 


to the bladder was performed. 











protected throughout their course, lying 
deep in the retroperitoneal area adjacent to 
the lumbar spine, and are rarely ruptured 
by external blows or even crushing injuries. 
The usual type of external trauma affecting 
the ureter consists of gun shot (Fig. 14) or 
stab wounds. The unusual type of injury is 


EE 





Fic. 4. Approximately 6 months previously, the 
patient had a right ureteral lithotomy and a 
calculus was removed from the proximal ureter. 
Recently, he developed increasing right flank pain. 
The retrograde study shows marked narrowing of 
a short segment of the proximal ureter with severe 
hydronephrosis proximal. This represents a ureteral 
stricture secondary to the removal of a calculus. 
Serial roentgenograms were made and the hydro- 
nephrosis was noted to be progressive. Surgical 
correction with resection and end-to-end anasto- 
mosis was performed. 


traumatic closed rupture secondary to 
torsion and stretching of the ureter against 
the upper lumbar transverse processes by 
severe lateral flexion of the trunk. 


RADIUM AND RADIATION THERAPY 


Radiation treatment to the pelvis, usu- 
ally administered for carcinoma of the body 
or cervix of the uterus, may result in grad- 
ual fibrosis around the pelvic portions of the 





Fic. 5. This patient had an extensive surgical pro- 
cedure for invasive rectal carcinoma which had 
extended outside the confines of the rectum. Re- 
section of the malignancy was performed with 
difficulty. Following surgery, the patient developed 
fever and left pelvic pain. A cutaneous fistula 
draining from the ureter was present over the 
pelvic area. The intravenous pyelogram shows 
poor function on the left side with severe hydro- 
nephrosis. A seminal vesiculogram, following in- 
Jection of the left vas deferens, shows the filling of 
the left ureter from the vas deferens (arrow). 
There was a fistula between the left ureter, the 
left vas deferens and the skin. 


tl 
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Fic. 6. Within 2 or 3 days after hysterectomy for fibroids, the patient noted copious amounts of urine being 
discharged from the vagina. She was not voiding spontaneously and catheterization of the bladder revealed 
no residual urine. 4 shows a bulb catheter in the distal end of the left ureter. l'ollowing injection, a direct 
communication to the vagina was demonstrated (arrow) with excellent visualization of the vaginal out- 
lines. (B) An injection was made into the distal end of the right ureter and a similar fistulous tract was 
visualized. This patient was immediately reoperated upon and bilateral renal implantation of the ureters 
into the bladder was performed. 




















lic. 9. Considerable difficulty was encountered 
when the urologist attempted to catheterize the 
left ureteral orifice in this patient. After several 
unsuccessful attempts to pass the ureteral catheter 
into the proximal ureter, an injection was per- 
formed with the catheter in the distal segment of 
the ureter. The roentgenogram shows a perfora- 
tion of the ureter with the contrast material ex- 
tending inferiorly around the base of the bladder 
in the retroperitoneal area. This is an example of 


ar l the usual extravesical retroperitoneal ureteral 
Fic. 8. A retrograde examination was performed in rupture. Spontaneous healing occurred. 


a patient with unexplained hematuria. During the 
passage of the catheter, the proximal ureter just — = pim 
below the uretero-pelvic Junction was perforated. 














The retrograde pyelogram shows extravasation of distal to the site of the perforation. This is simply 
the contrast material in the retroperitoneal area explained by the slope of the ureter in each in- 
around the ureter. In perforations of the proximal stance. ไท this case no corrective surgery was per- 
ureter, the contrast material usually extends proxi- formed. An intravenous pyelogram 1 week later 
mal to the site of perforation, while in perforations showed no evidence of extravasation. The upper 
of the distal ureter the contrast material extends urinary structures and ureter appeared normal. 


Fic. 7. Following a ureteral lithotomy for a calculus in the mid-third of the left ureter, the patient developed 
a draining fistula in the left flank. 4 shows a catheter to have been passed into the left ureter. In the region 
of the iliac crest, the catheter deviates laterally and enters the sinus tract extending to the cutaneous area 
of the left flank. The intravenous pyelogram made at this time shows filling of the kidney and proximal 
portion of the ureter. (B) Following withdrawal of the catheter into the lower third of the left ureter, retro- 
grade injection was performed and the catheter withdrawn. This study shews filling of an abscess cavity in 
the left retroperitoneal area draining to the left flank together with filling of the proximal portion of the left 
ureter and kidney. 





lic. 10. A Braash bulb catheter was inserted into 
the right ureteral orifice and retrograde injection 
performed. The patient had a nonopaque calculus 
in the lower third of the right ureter. The injection 
therefore was made into what amounts to a short 
closed segment of ureter. The roentgenogram 
shows a typical intramural extravasation within 
the wall of the ureter. These perforations usually 
occur in the ureteral segment which is within the 
wall of the bladder surrounded by the circular 
muscle of the bladder. The contrast material thus 
collects in a well-defined space without evidence of 
free retroperitoneal extravasation and without 
evidence of extension into the submucosal or sub- 
serosal areas of the bladder. Note the sharp locali- 
zation of the contrast material on each side of the 
ureter. 


as 7 ! 


ic. 11, An attempt was made to catheterize the 
right ureter. The catheter tip appeared to stick in 
the ureteral orifice. An injection was made. The 
roentgenogram shows a submucosal extravasation 
of the contrast material at the ureteral orifice. 
Note the feathery fan-like appearance of the mar- 
gins of the extravasation without evidence of 
retroperitoneal extension. Spontaneous healing 
occurred. 
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ureter leading to eventual stricture and ob- 
struction. The stricture as a rule occurs 1 
or 2 cm. above the ureter-vesical orifice. 
The obstruction will usually appear several 
months to vears after the treatment and is 


q. 


often bilateral (Fig. 15). 
CONCLUSION 

A fairly comprehensive summary of the 
various types of injuries which may be 
visualized along the course of the ureter, 
with a brief discussion of the major compli- 
cations of ureteral trauma, is presented. 
Ureteral injury appears to be increasing in 
frequencv, primarily due to increased use 
of instrumentation. Early recognition of 
ureteral trauma is essential to establish 





ls. 12. During the catheterization of a right sacral 
kidney which was moderately hydronephrotic, a 
knot occurred in the ureteral catheter within the 
pelvis of the sacral kidney. It was impossible toe 
withdraw the catheter and pyelotomy was per- 
formed. 
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lic. 15. During retrograde catheterization, the 
distal portion of the ureteral catheter broke off * ans ล 
and remained within the ureter. (/7) A small seg- 
ment of the catheter is seen in the lower third of 
the ureter. (B) The intravenous pyelogram shows 
the catheter partially obstructing the ureter at the 
ureterovesical junction. Spontaneous passage of 
the foreign body into the bladder occurred in 3 
davs. 





lic. 15. Three years following the administration of 
radium and roentgen therapy for carcinoma of the 
uterine cervix, the patient developed a gradual 
progressive hydroureter and hydronephrosis. The 
30 minute pyelogram shows marked bilateral 
dilatation which extends from the pelvic portion of 
the ureter proximally. The lower thirds of the 
ureters are not visualized. There is no clinical or 
roentgenologic evidence of recurrence of the car- 
cinoma or metastases. 


liG. 14. In this patient, following emergency treat- 
ment for a bullet wound of the abdomen, urine 
drainage from the cutaneous opening produced by 
the bullet was noted. The bullet (arrow) overlies 
the fourth lumbar vertebral body and evidently 
severed the ureter at the Junction of the proximal 
and middle portions. Intravenous pyelography 
revealed satisfactory function of the kidney with 
complete extravasation of the contrast material 
from the junction of the upper and middle third of 
the ureter into the retroperitoneal area paralleling 
the psoas margin. From this region, drainage oc- 
curred through a cutaneous fistula. Satisfactory 

; anastomosis could not be performed and the kidney 

— 3 ASE AGA | was removed. 
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satisfactory drainage and prevent loss of 
renal function. 


Richard M. Friedenberg, M.D. 

Lebanon Hospital 

Grand Concourse and Mt. Eden Parkway 
New York 57, New York 


We are indebted to Dr. George Nagamatasu, 


Professor of Urology at the New York Medical 
College, for his assistance in obtaining several 
of the illustrations used. 
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THE EFFECT OF (VOLUNTARY) BLADDER DISTEN- 
TION ON THE INTRAVENOUS PYELOGRAM* 


AN EXPERIMENTAL STUDY 


By M. B. NOGRADY, M.D., J. S. DUNBAR, M.D., and D. W. MAcEWAN, M.D. 


MONTREAL, 


| THE study of intravenous pyelograms 
of children, we have encountered pa- 
tients in whom the physiologic obstruction 
of the urinary tract caused by retained 
bladder urine has produced a surprising 
degree of dilatation of the upper tract, 
sometimes simulating hydronephrosis. This 
phenomenon has occurred in children who 
void infrequently due to habit or neurologic 
abnormalities, or are unable to void before 
gin intravenous pyelogram because of the 
excitement or apprehension caused by the 
procedure. It has, however, been quite 
variable, and we decided to determine as 
accurately as possible the effect on the up- 
per tract of voluntary bladder retention 
during intravenous studies. 

Although our interest is primarily in the 
pediatric age group, it is difficult and per- 
haps unjustifiable to make experimental 
observations on entirely normal children, 
both because of their inability to cooperate 
fully in such studies, and because of the 
hazards inherent in intravenous pyelog- 
raphv.9 We therefore conducted a con- 
trolled study on 21 adult male volunteers, 
each of whom had an intravenous pvelo- 
gram done with the bladder empty and 
another done with overnight urine retained. 


REVIEW OF LITERATURE 

Even before the introduction of clinical 
intravenous urography, much study had 
been done on the effect of bladder retention 
on the upper tract. In 1929, the same vear 
that clinically successful intravenous urog- 
raphy with uroselectan was introduced, 
Roseno and Jepkens® repor ted the results 
of experiments with intravenous urography 


QUEBEC 


in animals and noted that when using 
sodium iodide, the ureters and pelves could 
be visualized physiologically only by pro- 
nounced bladder filling. Hryntschak!? re- 
ported similar experiments with iodine 
compounds in the same year. Roseno;? also 
in 1929, In reporting Intravenous urogra- 
phy on humans, stated that the infusion of 
the contrast agent should be done when the 
bladder is full to improve the filling and 
demonstration of the pelves and ureters. 
Swick, in publishing the results of his 
studies with the new contrast medium uro- 
selectan in 1929, stated that the bladder 
must be emptied in order to visualize the 
lower ureters during the examination. He 
showed illustrations with the bladder full 
and with the bladder empty. Von Lichten- 
berg and Swick?? in a joint publication on 
the results of uroselectan studies stated 
that the intravenous method was used to 
demonstrate and study the effect of reten- 
tion on the upper system in patients having 
hypertrophy of the prostate, in whom the 
widening of the kidney pelves and the ure- 
ters was well shown. Palugyay,” in 1930, 
reported intravenous demonstration of the 
normal urinary tract and the effects of the 
quantity of contrast agent and fluid in- 
jected as well as of water deprivation and 
water load. He also mentioned that in some 
of his subjects the bladder was full and in 
some it was empty; when phy siologic filling 
of the bladder was near maximum, the renal 
pelvis became fuller and its shadow sharper. 
He interpreted his studies as showing that 
stasis in the bladder caused not อ ท ใจ better 
filling of the collecting svstem, but changes 
in motilitv and diminution of peristaltic 


* From the Department of Radiology, The Montreal Children's Hospital, Montreal, Quebec, Canada. Presented at the Sixty-second 
* Annual Meeting of the American Roentgen Ray Society, Miami Beach, Florida, September 26-29, 1961. 

This study was made possible by a grant from the Maurice Pollack Foundation. 

The films were kindly supplied by the Canadian Kodak Company Limited. 
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activity. He felt that the degree of bladder 
distention was more important than water 
deprivation or water loading. In particular, 
he preferred the full bladder for the purpose 
of showing the lower ureters; with the stasis 
caused bv retention of bladder urine, the 
contrast-filled lower ureters were visible 
through the diluted urine in the distended 
bladder. He concluded that for best visual- 
ization of the entire collecting svstem the 
bladder should be as full as possible. 

Jaki!’ in 1931, published thorough 
studies of intravenous pyelography, includ- 
ing the effect of enemas, laxatives, water 
deprivation, abdominal compression. and 
urine retention. He felt that abdominal 
compression was not consistentlv helpful, 
but that with the bladder full the lower 
ureter was definitely better visualized and 
therefore when information about the distal 
ureter was important the intravenous pvel. 
ogram should begin with the bladder full. 

Rubritius,? in 1933, reviewed the find- 
ings of previous authors, including Von 
Lichtenberg and Swick, Fuchs,? and 
Palugvav,? and again éhaphiasized that 
total filling of the ureters during excretory 
urography indicates a disturbance in urine 
transportation, which in turn may be 

caused by pathologic or physiologic ob- 
struction. The reflex ureteral stasis pro- 
duced by stretching of the bladder which 
Fuchs had pointed out, he confirmed in 
normal patients. In addition Rubritius? 
showed that when one side is normal and 
the other side abnormal, the transport 
mechanism of the normal side 1s readilv 
affected by bladder filling, the abnormal 
side is not. 

Werwath?! investigated the effect on the 
upper tract produced bv filling and emptv- 
ing the bladder. He could not show that 
filling made any difference in his studv, 
which utilized retrograde urography. 


Campbell,** in discussing techniques for 
obtaining satisfactory urograms in 1937 


and again in 1951, stated that in a few 
children a full bladder was maintained in 
the hope of producing stasis in the upper 
urinary tract to retard ureteral and pelvic 
emptying, but that this method had been 
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fruitless. This statement was not docu. 


mented by any details about the number of 


patienrs studied or the method of study. 
Paghere?™ reported in 1943 one of the 
most thorough studies of the effect of dis- 
tention of the bladder on intravenous urog- 
raphy. He performed intravenous py elog- 
raphv on patients with distended bladders; 
the bladder distention was achieved by 
retrograde injection of saline, with con- 
trolled pressures up to 25 to 30 mm. Hg. He 
found E at visualization of the kidnev and 
collecting svstem was improved using the 
full bladder technique. This he thought was 
due to the fact that bladder distention in- 
duces retardation of excretion of the con- 
trast medium and diminution of the peris- 
talsis of calyces, pelves, and ureters, with 
delaved transport of the opacified urine to’ 
the bladder. He felt that this phenomenon 
could be misleading in evaluating concen- 


trating capacity of the kidney because of 


the deformity produced by ectasia of the 
collecting svstem and because of increased 
roentzenographic density. 

Narath? discussed and illustrated in 1951 
the ditference in the upper collecting svstem 
with the bladder empty and the bladder full 
during intravenous pyelogr aphy. He pro- 
duced the full bladder bv injection through 
a urethral catheter, but only published one 
roentgenographic reproduction show! ing dis- 
tention of the upper tract; in this case the 
bladd ler had been filled “to extreme capa- 
city.” One cannot therefore tell how fre- 
quently he thought this phenomenon could 
be produced i in healthy individuals, or whe- 
ther it could be produced without cathe- 
terization. 

Kal,” in his extensive studies of ureteral 
function, showed that distention of the 
upper urinarv tract was produced at high 
rates of urine low when the urinary bladder 
was distended. He found that cessation of 
เอ T activity ea by uretel b disten- 


' most ‘likely n Bee is diss 


tended and the intravesical pressure is, 


high. This condition is associated with an 


urgent need to micturate and is therefore 


usually of short duration. 
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The effect of chronic obstruction of the 
urinary tract has been very thoroughly 
studied in the experimental animal, in 
human subjects under normal physiologic 
variations, such as pregnancy,” and in 
chronic obstructive disease. -847 

Thus, although much is known about the 
effects of chronic and of acute'? obstruction 
on the urinary tract,! we were not satisfied 
that enough was known about the immedi- 
ate response of the upper urinary tract to 
temporary physiologic obstruction caused 
by voluntary retention of urine during in- 
travenous pvelography. 


METHODS AND MATERIALS 


In the present studv, 2 intravenous 
pvelograms were made of each of 21 normal 
adult male volunteers, one with the bladder 
empty and the other with the overnight 
urine retained throughout the intravenous 
pvelogram. 

The ages of the subjects in our group 
varled from 21 to 32 vears, with an average 
of 25.9 years. The nature of the experiment 
and the shght hazard involved were ex- 
plained to each volunteer and he was asked 
to sign a consent for the experiment. À com- 
plete medical history was taken and phvsi- 
cal examination and urinalvsis were done in 
each case before the first pyelographic pro- 
cedure. No one was accepted who gave any 
positive history of, or showed evidence of, 
allergy, drug sensitivitv, or urinary tract 
disease. Approximately half of the subjects 
had the procedure done first with the blad- 
der full, and vice versa. Pyelography was 
performed under conditions otherwise as 
identical as possible. 

Each subject was given a code number 
and a set of instructions for the 18 hours 
immediately preceding each of the 2 exam- 
inations. No laxative or enema was pre- 
scribed, since either or both of these pro- 


cedures may ES e langes in the state 


de control.? A Alcohol was อ for : a 
hours prior to the tests. Eating and drinking 


normally were permitted up till 8 p.m. of 


the evening before the examination, after 
which food and drink were prohibited until 
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breakfast. A standard breakfast of 1 glass 
of milk, 1 piece of buttered toast, and 1 soft 
boiled egg was prescribed for the morning 
of examination, approximately 2 hours be- 
fore the injection was to be made. The 
morning cigarette habits before 8 a.m. were 
recorded and instructions given to adhere to 
these habits before examination, but not to 
smoke after 8 a.m. As closely as possible, 
the 2 procedures on one subject were done 
at the same time in the morning. 

Careful preparations were made to deal 
with anv serious reaction which might occur 
during or following the intravenous injec- 
tion. A kit containing resuscitation drugs 
was at hand, together with assembled 
syringes and needles; the physician making 
the injection (M.B.N.) who was the same 
throughout all intravenous pvelographies, 
first rehearsed in the use of this injection kit 
and its contents. Oxygen and suction ap- 
paratus were in readiness in the roentgeno- 
graphic room. Finally, the Department of 
Anaesthesia agreed to stand by in case of 
anv emergency. An anesthetist was notified 
before the injections were made on the 
davs the experiment was carried out, and 
was either on the same floor of the hospital, 
or within immediate call by a special warn- 
ing system linking the Department of 
Radiol ogy with the Department of Anaes- 
thesia. The roentgen-ray beam was care- 
fully collimated, and the gonads were fully 
shielded bv lead rubber, as well as by the 
collimation. 

The “empty bladder” subject voided im- 
mediately betore the preliminary film was 
exposed. The "full bladder" subject re- 
tained his overnight urine and did not void 
until immediately after the 60 minute film 
had been exposed. The roentgenograms 
were made under standard conditions, with 
all exposure factors recorded, and all were 
processed in fully automatic equipment. 
Twenty-five milliliters of 6 ๐ per cent renog- 

rafin* were administered to each subject in 
approximately 120 seconds. À pre eliminary 
injection of 0.5 ml. was made first, and 6o 


* The urographic contrast medium (renograhn--sodium and 
methylglucamine diatrizoate) 29 per cent iodine 7.2 gm. fasmil, 


was kindly supplied by E, R. Squibb and Sons. 
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seconds were allowed to elapse with the 
needle in the vein before the full dose was 
administered. The site of injection and any 
local or general reaction were recorded 1m- 
mediately. Any difficulty with or break in 
injection technique was also noted. The 
blood pressure was recorded Just before and 
10 minutes after the injection, and again 
after the 30 minute roentgenogram. Venous 
blood samples (5 ml.) were withdrawn be- 
fore and at 20 and 65 minutes after the in- 
jection. 

After the 60 minute pyelogram the ร น ไว - 
ject was asked to void as soon as possible 
and the specimen saved. A postvoiding 
pvelogram was made immediately after 
micturition (within 70 minutes of the intra- 
venous Injection). 

The subject was not questioned about 
symptoms before exposing the postvoiding 
flm, but spontaneously described symp- 
toms were recorded. Following the post- 
voiding pyelogram he was questioned about 
any symptoms or reactions. 

Urine volumes were measured, and the 
specific gravity was determined with a 
urinometer. Iodine content of both urine 
and blood specimens was determined by 
the method of Zak and Boyle.** In this pro- 
cedure iodine is released by chloric acid 
digestion and the amount determined by 
titration with sodium thiosulfate. The ti- 
tration was accurate to 2.4 per cent. 

Assessment of the roentgenograms was 
done by the 3 authors independently, using 
a scale of 1 to 8, and grading each of the 
parameters listed in Table 1. Before being 
seen and graded by us, each film had the 
lower abdomen including the bladder ob- 
scured by a piece of paper clipped in place 
by an assistant; the paper was removed 
only after the upper tract had been as- 
sessed. The pyelograms were graded first 
individually and secondly as complete uro- 
graphic examinations. The preliminary 
films were studied first, according to ran- 


dom selection and without knowledge of 


subject identity or whether the bladder was 
full or empty. In like manner the 5 minute, 
16 minute, 30 minute, 60 minute and post- 
voiding pyelograms were examined. 
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When the pyelograms were re-assembled 
and assessed as complete urographic exami- 
nations, the assessment was again done 
without knowledge of subject identitv or 
state of the bladder until the upper urinarv 
tract had been graded. To the list of pa- 
rameters, 2 more were added for this over- 
all assessment--diagnostic quality and 
lower ureter filling. 

The gradings assigned by the 3 indepen- 
dent observers were analyzed. A mean 
rating was then determined for each param- 
eter, as shown in Table 1. In addition, 4 
parameters judged to be particularly im- 
portant were plotted from the individual 
pyelographic studies, and curves were 
drawn for comparison of the 2 methods of 
examination to show time against grading 
(Fig. 1). From the evaluation of the intra- 
venous pyelograms as a whole, the results 
were subjected to the statistical analysis 
shown in Table n. 


RESULTS 


No significant allergic or other reactions 
were encountered. No subjects vomited, 
and none complained of arm pain. Altera- 
tions in. blood pressure were minor and 
within normal limits. The discomfort 
caused bv the full bladder was mild to 
moderate in all cases E . In one of 
these (Fig. 8, 4-D), the dilatation of the 
upper tract was the greatest of any subject 
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GRADING OF INTRAVENOUS PYELOGRAMS 
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Bladder 

[E mpty — Full 
Renal density 3.49 r 
Pelvicalyceal filling 5.42 5.49 
Pelvicalyceal concen tration 6.04 4.73 
Pelvic dilatation 3:93 a. 40 
Ureter filling 4.15 4.69 
Lower ureter visualization 4.04 4.38 
Bladder concentration £.29 3.89 
Bladder filling 3.66 6.10 
Over-all diagnostic quality 5.61 Bu 
Simulating hydronephrosis 0.04 0.30 


Roentgenographic quality 
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in the experimental group, and in the other 
the upper tract dilatation was slight but 
recognizable. 

It will be seen from Tables 1 and 11 and 
from Figure 1 that comparison of complete 
intravenous pyelograms of the same sub- 
jects examined with the bladder empty and 
with the bladder full showed a very slight 
difference 1 ท general diagnostic quality in 
favor of examination with the empty blad- 
der. Of the parameters used, this is the most 
important—-the over-all diagnostic impres- 
sion from the entire intravenous pyelogram 
in each subject, but judged by the method 
of individual films, there was still a very 
slight difference in favor of the pyelogram 
with the bladder empty. 

The blood iodine levels showed individual 
* variations between subjects, but no over-all 
difference at either 20 or 65 minutes. The 
specific gravity showed an average increase 
of o.017 following the injection in the 
“empty bladder’ subjects. No measure- 
ment of specific gravity increment in “full 
bladder" subjects was possible since they 
did not void before the injection, but the 
voided specimens after one hour showed a 
mean value of 1.027 (Table i1). 


sr RENAL DENSITY 


ér PELVI-CALYCEAL 
CONCENTRATION 





GRADING 


EMPTY BLADDER -—— 
2 FULL BLADDER 


———— 





GRADING 





เว ภา ร ว อ 60 9 ' อ ชา ร ว 6 60 
TIME IN MINUTES TIME IN MINUTES 


* Fic. 1. Subjective grading of individual pyelograms. 
The averages of the values assigned by 5 different 
observers have been plotted against time in each 
of 4 parameters. 
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Taste II 


STATISTICAL EVALUATION ANALYSIS 
OF VARIANCE 


Source of Variation | df MS 
Over-all diagnostic quality 
Within subject 84. 0.475 
Between preparations AE 2.800* 
Between subjects | 20 เก อ 
Interaction | 20 pose t 
Pelvicalyceal filling | 
Within subject | 84 1.044 
Between preparations 1 0.200 
Between subjects 20 เจ ก น น 
Interaction 20 logro 
Pelvicalyceal concentration 
Within subjects 84 0.406 
Between preparations 1 7. 100** 
Between subjects | 20 2 ROS ME 
Interaction | 20 [opo ttt 
Renal density 
Within subjects 84 0.686 
Between preparations I 0.300 
Between subjects 20 ps แร อ น น ง 
Interaction 20 0.160 
Ureter filling 
Within subjects 84 1.057 
Between preparations I 9.200** 
Between subjects 20 ES TT 
Interaction 20 1.360 
df— degree of freedom, 
MS—mean square. 
* F test significant at 5% level. 
** F test significant at 1% level. 
*** F test significant at 0.155 levei. 
DISCUSSION 


The accompanying pyelographic repro- 
ductions (Fig. 2 through 6, inclusive)* dem- 
onstrate pediatric patients in whom find- 
ings simulating hvdronephrosis were asso- 
ciated with or due to a full bladder at 
the time of pvelography, and in whom the 
distention of the upper urinary tract com- 
pletely disappeared when the examination 
was done with the bladder empty. It 
seemed to us important to know as much as 
possible about this phenomenon for three 
reasons: 

First, a false impression of caliectasis, 
hydronephrosis or hydroureter may be 
gained if one is not familiar with the possi- 
ble effects of retained bladder urine on the 


* In all reproductions, the “empty bladder” film ison the read- 
er's left and the comparable "full bladder” film on the right. 
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Tagi HI 
AVERAGE VALUES OF URINE SPECIFIC GRAVITY 
2 Total Volu | 1 | Total I; q i 
Bladder | Specific Gravity | Volume | wee s 7 | Excreted | : tandarc 
: ๊ : (ml) | ae Hr. | (mg./ml.) E eni) | Deviation 
| Morning Specimen [2020 : | ป 
Empty $20 150 ง ว ย jg ob | 2s 
| Post Intravenous Py. | | | 
| เล ว Specimen o | | 
Full Mixe i ERI poss : ธุ 4 ก $498 7.01 9 24 £06 
upper tract in infants and children. As a The choice of opaque medium was de- 


been impressed that it 1s 
not always easy to recognize a distended 
bladder, even during excretory urography, 
unless the phenomenon of ' "lavering""!? is 
appreciated (Fig. 3, 4, B and C; 5, 4 and 
B; and 11, 4, B and C). 

Secondlv, we have in occasional voung 
patients found that by deliberately doing 
the intravenous pyelography when the pa- 
tient was voluntarily retaining urine we 
could cause sufficient obstruction of the 
lower tract to improve visualization of the 
upper tract. This method suggested itself 
as an alternative to the well known proce- 
dure of compression of the lower abdomen 
during excretory urography. Compression 
is much more difficult to apply in children, 
and is inconsistent in its results even in 
adults.'? 

Thirdly, retrograde cvstography is used 
frequently, in this and other centers, in 
the assessment of lower urinary tract prob- 
lems in infancy and childhood. It occurred 
tous, asit h ad to Narath?* and others, that 
one might produce increased ก of 
the upper tract by superimposing an intra- 
venous pyelogram on a retrograde cysto- 
gram (if vesicoureteral incompetence has 
not been demonstrated by the retrograde 


corollarv, we have 





filling). 
We choose male volunteers because 


maximum gonadal protection from the 
roentgen rays could be given during roent- 
genography. In addition, the subjects were 
all of age, and therefore in a position to 
accept the slight risk involved. 


«^ 


termined by the fact that it (ห อ ท อ ย เห ล นิ ท 60 
per cent) is the one currently used in this 
hospital, and that our experience is consis- 
tent with that of numerous other studies in 
indicating that the danger and the inci- 


dence of reaction with this contrast agent 


are both minimal. 42246% The standard 


dose of 25 ml. was given to all subjects both 
to achieve uniformity and ease of control, 
and also because each subject was to be 
compared with himselt. Thus the possible 
need for relating dose to body weight was 
obviated, and in anv case the optimal 
dosage of contrast medium with respect to 
body weight for urographic studies is not 
really known with accuracy. 29?! 

The duration of urine retention for the 
purpose of this project was determined 
mostly by the convenience the morning 
examination would afford to our subjects. 
Preliminary trials indicated that overnight 
urine could be retained up to the time that 
pyvelography was performed in the morning 
with appreciable, but not undue, discom- 
fort. Thus, if the method were found useful 
in improving the quality of intravenous 
pvelograms, it could readily be applied to 
either in-patients or out-patients without 
excessive inconvenience. The time at which 
each subject was permitted to void—just 
after the 60 minute film had been exposed-— 
was chosen to correspond to the end of the 
period of ' visualization of the upper 
urinary tract.’ 

The blood tine determinations ( Table" 
Iv) gave figures which were within expected 
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1G. 2. Male, aged 6 years, being investigated for nonspecific abdominal pain. The first pyelogram (4) gave 
inadequate visualization of the right upper collecting system. A few days later the procedure was repeated 
(B) with the overnight urine retained in the bladder. Slight distention of the upper collecting systems 
and ureters was produced and adequate visualization thereby obtained. The outline of the distended blad- 
der in B is not easily recognized because the opaque medium has collected in its dependent central portion. 


anges following the intravenous adminis- 
ration of 7.2 gm. of iodine in 25 ml. of the 
paque medium. There was no significant 
ifference in the iodine levels between the 
all bladder and empty bladder subjects. 
The average values for the urine specific 
ravity (Table 111) gave results consistent 
nth many of those previously published, 
howing an increment in specific gravity 
ssociated with the addition of iodine-con- 
aining contrast medium to the excreted 
rine.? On the other hand, individual sub- 
cts’ urine showed, in a few cases, sur- 
risingly small increments in specific grav- 
y. We felt that some error might have oc- 
urred in our specific gravity determina- 
ions, and several of the most doubtful ones 


were redetermined on aliquots of the voided 
urines which had been preserved bv freez- 
ing. No errors were detected by this 
method. We also determined the maximum 
possible increment in specific gravity by 
adding renografin 60 per cent directlv to 
water, and found that the addition of 7.2 


TABLE IV 


AVERAGE I» CONCENTRATION IN MG. PER CENT 
AFTER INJECTION 


Bladder 20 min. 65 min. 
Empty a Eri 26.98 
[Full 47.95 27.39 
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Fic. 3. Female child, aged 8 years, under investigation for lower abdominal pain which occurred whe 
retained her urine for several hours. An intravenous pyelogram (B) showed slight stasis and dilatati 
the upper tract. It was then discovered that she had not voided for 12 hours prior to the contrast inje( 
Bladder distention was present but not obvious in the anteroposterior projection because of gravit 
of the urine containing the opaque medium to the dependent portion of the bladder. The distentio: 
confirmed by a lateral film (C). A repeat pyelogram (4) the next day made after voiding showed n 
normality. A postvoiding film demonstrated no residual urine, and there was no urinary tract infectio 
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`G. §. Male, aged 11 years, had been treated for renal tubular insufficiency with phosphate loss. He voided 
large amounts infrequently, but had a normal urinary stream. There was no residual urine following 
micturition. An intravenous pyelogram (B) with the bladder filled by retained urine showed slight disten- 
tion of the upper tract, which was not present on the pyelogram (4) after voiding. The outline of the dis- 
tended bladder in B is not easily recognized because the opaque medium has collected in its dependent 


central portion. 


m. to 500 ml. of water gave an increase in 
pecific gravity of 0.014. 

The diuresis produced by the opaque 
nedium 1 ท our subjects was not marked, 
he average urine flow during the hour of 
xamination being approximately 2.5 ml. 
yer minute. The minimum was 1.3 and the 
naximum 4.6 ml. per minute. The addition 
f the opaque medium to larger volumes of 
lilute urine could be expected to produce a 
ladder content of only slightly increased 
adiopacity and specific gravity (Fig. 7, 4- 
2; and 10, Zand B). Nevertheless, the very 





small increments in specific gravity that 
occurred in 3 of our cases had not been re- 
ported previously in the literature and were 
difficult to explain. 

Similarly, the iodine levels in the urine 
showed marked individual variation and in 
some cases appeared to be clearly in error— 
there were 2 subjects in whom the amount 
of iodine per ml. multiplied by the 1 hour 
urine volume gave values for total excre- 
tion of renografin 60 per cent in 1 hour 
which were in excess of the amount injected 
intravenously. On the other hand, in 2 sub- 


"IG. 4. Male, aged 11 years, complained of pain in the abdomen when urine was retained for several hours. 
This retention was clearly habitual and no urinary infection or abnormality of the voiding stream was 


demonstrated. With the bladder full (B) the upper tract showed slight distention. With the bladder 


empty (4) there was no abnormality. 


“a: 
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ic. 6. Female, aged 11 years, under investigation for recurrent urinary infection with dysuria and fever. 
An intravenous pyelogram (4) following micturition gave inadequate visualization of the upper tract due 
to incomplete filling. Retrograde cvstographv showed no vesicoureteral incompetence; with the bladder 
still full of contrast agent, an intravenous pyelogram (5) was made and showed sufficient filling of the upper 
tract to give complete visualization. 


jects having roentgenologically adequate 
examinations, the amount of excreted 10- 
dine at I hour was found to be below o.5 
gm. These apparent errors occurred onlv in 
the subjects with full bladders. Previous 
authors had reported that urine iodine de- 
termination is difficult, and the results 
highlv variable; the amount excreted at the 
end of 1 hour had theretore been said to 
give no true picture of renal function.!?!* 
We felt that our individual values from the 
full bladder subjects were unreliable, but 
repeated checks of the laboratory method 
and recalculations failed to reveal a source 
of error. The minimum excretion in grams 
during 1 hour of the examination was 0.13, 
the maximum 8.51 in the “full bladder" 
subjects. 


Ae 


The answer to both the variations in 
specific gravity and the tremendous varia- 
tions in iodine concentrations in the urine 
appears to be the phenomenon of “layer- 
ing." The opaque medium was voided by 
the “full bladder” subjects into a specimen 
bottle, but the stream was interrupted to 
fill a second bottle. On going back over our 
methods we found that the specimens for 
specific gravity and iodine determinations 
could have been taken from either of the 
specimen bottles. In the upright position, 
the urine containing opaque medium gravi- 
tates to the dependent portion of the blad- 
der in many individuals, as shown in Figure 
11, 4, B and C. The first part of the voided 
specimen therefore contains the opaque 
medium and gives high values for specific 
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Fic. 7. Healthy adult. Five minute pyelograms show minor differences between “empty bladder" (4) and 
"full bladder" (B). Fifteen minute pyelograms show left upper collecting system better filled with bladder 
full (D) than empty (C). Bladder capacity 400 ml. 
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Fic. 8. Healthy adult. Five minute pyelogram (4) with the bladder empty shows no upper tract distention. 
With the bladder full (B) there is slight distention. Sixty minute pyelogram (C) with the bladder empty 
again shows no distention, but with the bladder full (D) the upper tract shows definite distention; at thi$ 
time there was suprapubic and right loin pain and marked urgency. Bladder capacity 520 ml. 


49 





Fic. 9. Healthy adult. Fifteen minute pyelograms (4 and B) and 30 minute pyelograms (C and D) show no 
๑ significant difference in upper tract filling and visualization between “full bladder” and “empty bladder" 
pyelograms. Bladder capacity 350 ml. 


) M. B. Nogradv, J. S. Dunbar and D. W. MacEwan JELY, 1963 


T 
. 4 a 
$ 





Fic. 10. Healthy adult. Double collecting system on the right is not adequately demonstrated with the 
bladder empty (4), but is clearly shown with the bladder full (B). Bladder capacity 670 ml. 


* 


"t. 
Fic. 11. (4, B and C) Healthy adult. Sixty minute pyelograms demonstrate "layering." In the upright posi- e 
tion with the bladder full (C), the urine containing the opaque medium gravitates to the dependent por- 
tion of the bladder. Bladder capacity 640 ml. 
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gravity and iodine; the later part contains 
only very small amounts of contrast agent 
and gives correspondingly low laboratory 
values. 

When this source of error had been 
identified, we rechecked it by doing specific 
gravity determinations on urine specimens 
and making roentgenograms of other sub- 
jects who had voided into 2 specimen bottles 
after having the “layering” phenomenon 
demonstrated by 7» vivo roentgenograms 
made with vertical and horizontal roentgen- 
ray beams. This study will be more fully 
reported in a separate communication. It 
explained very satisfactorily the wide dis- 
crepancies in the specific gravity and urine 
iodine levels obtained from the voided urine 
in the “full bladder” subjects. We suspect 

* that it also explains similar inconsistencies 
of iodine excretion reported by earlier 
workers. 


COMMENT 


Subjective grading of the pyelograms, 
both individually and as complete examina- 
tions, produced results which when anal- 
yzed showed remarkably little difference in 
over-all diagnostic quality of pyelograms 
with the bladder empty and with the blad- 
der full. Five parameters judged to be the 
most valuable for diagnostic purposes were 


examined statistically by an analvsis of 


variance (Table 11). The grading of the 
over-all examinations was used. The empty 
bladder films were significantly superior in 
over-all diagnostic quality and pelvicaly- 
ceal concentration, while the full bladder 
hlms showed significantly superior ureter 
filling. The difference between subjects in 
all parameters was a highly significant 
source of variation, and in 2 of the param- 
eters there was significant interaction, 
2.0., a differential response of subjects to 
preparations. The improvement in ureter 
filling with the overnight bladder urine re- 
tained is quite consistent with the impres- 
sion of many previous authors and with the 
¿known inhibition of ureteral peristalsis and 
ureteral tone by increasing bladder disten- 
tion.” | The only surprising feature was in 
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fact the small magnitude of the difference 
(Fig. 9, 4-D). 

The curves obtained from plotting the 
grading of pelvicalvceal filling against time 
(Fig. 1) are hard to explain. Thev show that 
early in the procedure there was a slight 
difference in pelvicalvceal filling in favor of 
the empty bladder. On reviewing this ma- 
terial we feel that the likely explanation is 
that the concept of pelvicalvceal filling; ;.e., 
filling of the upper system bv opacified 
urine, was particularly difficult to isolate in 
trying to assess the pyelograms; we may 
have confused it in our gradings with caly- 
ceal definition and calvceal urine concen- 
tration. 

The density of the renal shadows with the 
2 methods was strikingly consistent. It had 
been anticipated that with the slight ob- 
struction produced by the physiologically 
distended bladder, a "nephrogram" effect 
might have appeared, but no such effect 
could be recognized.!9*: 

It will be noted that one subject onlv 
showed obvious and readily recognizable 
distention of the upper collecting system 


bladder full. Of the 21 subjects, he was the 
one who had the most severe subjective 
discomfort and urge to void during the 
examination with the full bladder, but in- 
terestingly he did not have a large bladder 
volume on the films or by measurement 
,520 cc.). In this subject pain also occurred 
in the right loin, the side where the disten- 
tion became obvious in the upper tract. The 
pain and the distention did not disappear 
immediately after voiding, when the post- 
voiding pvelogram (not illustrated) was 
made, but 35 minutes after voiding, he sud- 
denlv noticed relief of the pain in the right 
lumbar area and a second postvoiding 
pyelogram made at that time showed that 
the collecting system dilatation on the right 
side had disappeared. 

A second subject complained of cramps 
during the examination and showed slight 
but definite distention of the upper tract 
with the bladder full. These findings sug- 
gest, as might have been expected, that if 


po 


one were to wait until discomfort became 
severe before making the contrast medium 
injection, the physiologic obstruction pro- 
duced would be at a maximum, and would 
be most readily recognizable on the result- 
ing pyelograms. 

The effect on peristalsis in the calyces, 
pelves and ureters has been extensively 
studied in connection with the state of dis- 
tention of the bladder when filled from be- 
low.. We would have liked to have 
made direct observations by fluoroscopy or 
cinefluorography during this project, but 
felt that since we were working with normal 
volunteers, the radiation exposure should 
be kept to an absolute minimum. Diminu- 
tion in ureteral tonus is, however, known to 
be indirectly recognizable by the degree to 
which the ureters are filled with urine—the 
greater the filling, the less the tone and peri- 
stalsis. It has therefore been noted by many 
observers that, in the adult at least, persis- 
tent complete filling of one or both ureters 
on the intravenous pvelogram should be 
regarded as abnormal* if the bladder is 
empty, since normal peristaltic activity 
does not ordinarily permit this to occur. It 
may be supposed that some inhibition of 
ureteral activity did occur during the phy- 
siologic distention of the bladder produced 
in our subjects, as shown by the greater 
ureteral filling (Fig. 1), but not of marked 
degree. Parenthetically, it has been our 1m- 


E 


pression that one cannot assume 1n the in- 
fant that complete filling of both ureters on 
one or more intravenous pyelograms 1s 
necessarily abnormal, since we see it oc- 
casionally in young patients in whom no 
urinary tract disease 1s ever demonstrated. 

There were 2 subjects with unilateral 
double collecting svstems. The double svs- 
tem was undoubtedly better demonstrated, 
or onlv demonstrated, in those subjects 
with the bladder full (Fig. 10, 4 and B). 
This is a small point but one which may 
prove to be of diagnostic value. 

In children, our efforts to produce physio- 
logic obstruction by superimposing ล ท in- 
travenous pyelogram on a retrograde cysto- 
gram have been successful only occasionally 
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(Fig. 6, Z and B). The degree of obstruction 
and/or dilatation produced in the upper 
tract has not usually been as great as that 
observed during retention of excreted urine 
in the small number of children whom we 
have studied. We cannot explain this 
difference, since it is contrary to the previ- 
ous observations of other workers.???5 One 
possibility is that some time must elapse 
before the diminution in ureteral tonus and 
peristalsis caused by the bladder distention 
can occur. This would mean that with the 
overnight retention of urine, the upper 
tract dilates more than it does during the 
shorter period required for retrograde cys- 
tography. Such an explanation is specula- 
tive (though in agreement with the observa- 
tions of Kiil?) and the number of observa- 
tions on our children are as yet inadequate 
to permit any conclusions. In addition, we 
cannot compare our results with those of 
previous authors who have done intraven- 
ous pvelography with the bladder dis- 
tended, since for this purpose we have used 
I$ per cent or 30 per cent skiodan, while 
they have used physiologic saline solution. 
We can only offer the empirical observation 
that physiologic obstruction appears to be 
easier to produce in the child by having ex- 
creted urine retained than by filling the 
The emo- 
tional trauma, local trauma, and bladder 
spasm associated with lower tract instru- 
mentation may all contribute to differ- 
ences in the final pyelographic picture, dur- 
ing retrograde as compared with excretory 
urography. 


CONCLUSIONS 


We have observed that in infants and 
children, intravenous pyelography done 
under conditions of physiologic retention of 
bladder urine produces stasis in the upper 
urinary tract which sometimes is severe 
enough to simulate hydronephrosis and 
sometimes can be used to improve visuali- 
zation of the pelvicalyceal systems and the 


ureters. We feel that it is important that, 


this phenomenon in childhood be recognized 
bv the radiologist, but we have not been 
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able to study it under controlled conditions 
other than in selected cases. Further studv 
in children is required. 

In adults, a controlled study in 21 
healthy males indicates that phvsiologic 
retention of bladder urine in amounts of 
350 ml. to 8:0 ml. produces very slight 
change in the qualitv of the intravenous 
pyelogram and that this change is likely not 
enough to be of diagnostic significance or 
value. 

Determinations of serum iodine show no 
significant difference in average values over 
a period of approximately 1 hour following 
injection of the opaque medium between 
subjects with full and with empty bladder. 

In the "full bladder" urine specimens, the 
values determined for iodine content and 
for specific gravity varied so widelv (stand- 
ard deviation of 2.506) that they were in- 
valid. A phenomenon which helped to 
clarify these otherwise inexplicable dis- 
crepancies was that of “layering” of urine 
containing opaque medium in the bladder. 
The heavy todine-containing contrast sub- 
stance tends to lie in the most dependent 
portion of the bladder. If the urinary 
stream Is interrupted and the bladder con- 
tent in early and late voiding specimens 
shows "layering," falsely high and low 
levels respectively will be obtained for the 
specific gravity and the contrast medium 
concentration. Further studies on this 
phenomenon of "lavering" are in progress 
and will be reported in a separate communi- 
cation. 


J. S. Dunbar, M.D. 
2300 Tupper Street 
Montreal, Quebec 
Canada 
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THE MINUTE SEQUENCE PYELOGRAM* 


By JAMES F. MARTIN, M.D.,t WALTER E. DEYTON, M.D} and 
JAMES F. GLENN, M.D.$ 


WINSTON-SALEM, NORTH CAROLINA 


HE diagnosis of renovascular hvper- 

tension is aided bv evidence of abnor- 
mal renal structure or function,!9 Hi 153 0.15.17 
Intravenous pyelography has provided 
visualization of the structure of the collect- 
ing system but has not been adequate in 
demonstrating the alterations of the renal 
cortex or differences in renal function on 
the basis of rate of excretion. Although 
gross abnormalities may be demonstrated, 
the lesser functional abnormalities are best 
detected by “split function” studies. !* 
The minute sequence pyelogram represents 
an attempt to develop a simple and reliable 
survey examination for patients with sus- 
pected renovascular hypertension. 


TECHNIQUE 


The present technique was first used in 
our institution in May, 1961, in an attempt 
to correlate the findings on the isotope 
renogram and the routine intravenous 
pyelogram (IVP). The usual technique was 
modified so that roentgenograms of the 
kidneys were obtained each minute for the 
first 6 minutes from the beginning of the 
injection of the opaque medium, which was 
usually accomplished in 20 to 40 seconds. 
Further roentgenograms were obtained at 
10 minutes and, thereafter, as indicated. A 
3 ๐ second roentgenogram has been added in 
an attempt to visualize the nephrographic 
phase.^" Other similar techniques have 
been described.* 5? 

The minute sequence roentgenograms 
provide further information when used 
following intra-aortic injection of the 
opaque medium; this has been termed the 
intra-aortic pyelogram (IAP). The first 


pyelogram is obtained within 10 to 20 sec- 
onds after the injection roentgenogram in 
an effort to obtain a satisfactory nephro- 
gram. Further studies are obtained at min- 
ute intervals for ร minutes. 


ROENTGENOGRAPHIC FINDINGS 


The normal minute sequence pvelogram 
in the earlv (30 to 60 second IVP, to to 20 
second IAP) study will demonstrate a 
homogeneous nephrogram so that renal 
dimensions and contours mav be evaluated. 
This provides information in regard to 
Kidney size, contour and segmental filling. 
Bv the end of 3 minutes, a satisfactory 
filling of the major and minor calvces and 
renal pelves should be accomplished. In 
many patients, considerable calvceal visu- 
alization is obtained at the end of 1 minute. 
The nephrogram intensity, appearance 
time, and filling of the calvces should be 
svmmetrical. 

The roentgenographic signs of a diseased 
kidney have been described bv Poutasse," 
Connor ef al. Rathe, ® and Whitley e 47.5 
The diseased kidney mav demonstrate: 

I. Decrease in renal size: (a) 1.0 cm. 
difference in length; and (b) 0.5 cm. uni- 
lateral decrease in renal size on serial ex- 
aminations.?* 

II. Absence of or delay in appearance of 
contrast medium in a calvceal system : (a) 
generalized (“delaved function," “nonfunc- 
tion");^ 75 (b) localized (segmental as 
with segmental infarct);? and (c) a or b 
with normal filling of the calvceal svstem 
bv retrograde study.'7-28 

II. Calcification, vascular or parenchy- 
mido 
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Grading System o—4- ++. 
* Unsatisfactory. 


IV. Abnormal contour (decreased trans- 
verse diameter, "scalloping").?* | 

V. Persistent unilateral delicacy and 
thinness of a completely visualized upper 
urinary tract and ureter ("spidering," 
“spastic,” "low flow pattern"). 7? 

VI. Abnormal nephrogram:'*!? (a) ab- 
sent; (b) nonuniform; (c) asymmetrical; 
and (d) prolonged. 

VII. Abnomal differences 1n. concentra- 
tion in the calvces:*?? (a) hyperconcen- 
tration (“paradoxical”); and (b) hypocon- 
centration. 


CASE MATERIAL 


Case studies of roo patients of whom 
minute sequence pyelograms were made 
were reviewed. Thirty-seven were clinically 
normotensive; 63 had clinical hypertension. 
These studies have been correlated with the 
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+ ++, No Bilateral renal artery stenosis, 
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findings on aortography in 24 patients; 23 
had hippuran Pè! radio renograms and 9 
underwent surgery (Table 1). 


METHOD OF ANALYSIS 


The definitive diagnosis of renovascular 
disease is made by aortography and/or 
surgerv. No microscopic studies were used 
in this series. The surgical findings were 
considered the final criterion in g cases, and 
5 were studied only by aortography. Struc- 
tural abnormalities of the small renal ar- 
teries were difficult to demonstrate and 
analyze. 


RESULTS 
Renal arterial disease was demonstrated 
in I4 patients, or 60.8 per cent of those 
cases which were investigated with aorto- 
graphic studies. Thirteen of these, or 92.8 
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per cent, had abnormal minute sequence 
pvelograms, and in all instances the abnor- 
mality presented on the same side as dem- 
onstrated by aortographv. A “false nega- 
tive" minute pyelogram was obtained in 
one patient in whom significant bilateral 
renal artery stenosis was demonstrated by 
aortography. One patient in the normoten- 
sive group had an apparent “false positive" 
minute sequence pyelogram. In this case 
aortography has not been performed and 
the etiology remains undertermined. 

Of the r4 patients with proven renal 
arterial disease, 13 had minute sequence 
pvelographv, hippuran I?! renography and 
aortographv. The remaining patient. did 
not have renographv. The renogram was 
positive in all cases except one; in this 
*instance 1t was technically unsatisfactory. 
The isotope renogram and the minute se- 
quence pyelogram complement each other 
in that varying degrees of abnormality may 


The Minute Sequence Pvelogram 57 


be demonstrated by each. By correlation ot 
the two, the human element of variability 
of interpretation is partially overcome. 


REPORT OF CASES 


Case 1. H.N.L.—06 82 80. This 39 year old 
white male had an 8 week history of severe 
occipital headache and hypertension unre- 
lieved by antihypertensive drugs. The blood 
pressure was normal 23 years prior to admission. 
The past and family histories were noncon- 
tributory. 

Physical examination: Blood pressure 190/ 
110, otherwise normal. 

Laboratory and accessory clinical findings: 
Urinalysis showed a specific gravity of 1.012, no 
albumin or sugar; microscopic study showed 5- 
Io white and red blood cells per high power 
field and the blood urea nitrogen was 13 mg. per 
cent. The regitine test and urinary catecho- 
lamines were normal. 

The minute sequence IVP and renogram 
strongly suggested right unilateral renal disease. 





e. 
Fic. 1. Case 1. (4) One minute, (B) 2 minute, (C) 3 minute, and (D) 4 minute sequence intravenous pyelo- 
grams show a small right kidney with decreased function. Small, bilateral renal calculi are also present. 
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Frc. 2. Aortogram shows right renal artery 


stenosis. 


Bilateral renal calculi were also demonstrated 
(Fig. 1, 4-D). The aortogram showed right 
renal artery stenosis (Fig. 2). 

Course: A right renal artery bypass graft 
(Teflon) was followed by a gradual postopera- 
tive fall in blood pressure. The blood pressure 
was เท the range of 140/90, 12 months postoper- 
atively. The patient has been asymptomatic 
since immediately after the operation. 


Case rr. M. C.—34 88 66. This 29 year old 
white female had a 3 year history of hyperten- 
sion unrelieved by medications. The IVP was 
reported as normal 2 years prior to admission. 
The family and past histories were noncontribu- 
tory. 

Physical examination: The blood pressure 
was 180/110, otherwise normal except for a 
systolic bruit over the right renal area. 

Laboratory and accessorv clinical. findings: 
Urinalysis was normal; the blood urea nitrogen 
was IO mg. per cent. 

Modified "split function" studies suggested 
abnormality on the right. The minute sequence 
IVP (Fig. 3) and renogram suggested right uni- 
lateral renal disease. An aortogram with IAP 
demonstrated right renal artery stenosis (Fig. 4 
and 5). 

Course: Right renal artery graft (venous 
patch) was performed and postoperatively the 
blood fell to normal in ro davs. Three months 
postoperatively the blood pressure remains nor- 
mal (140/90). 


Case nt. B. W. 
white female had a 2 vear history of hyperten- 
sion refractory to medications. 


34 66 38. This 30 year old 
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Physical examination: Negative except for a 
blood pressure of 200/120 and mild (Grade 1) 
eveground changes. 

Laboratorv and accessory clinical hndings: 
Urinalysis was negative; the blood urea nitro- 
gen was Io mg. per cent. The regitine test and 
other studies were negative. 


The minute sequence IVP (Fig. 6) and reno- 
gram suggested right unilateral renal disease. 


ม ม 


IVP 


[“16. 5. Case 11. One, 3 and 5 minute roentgenogramse 
S. r a E C = 
of minute sequence intravenous pyelogram show 
a small right kidney with decreased function: 





lic. 4. Case irr. Aortogram shows right renal artery 
stenosis with poststenotic dilatation. 4 poor right 
nephrogram is also shown. 





9 
Ihe aortogram with IAP demonstrated right 
renal artery stenosis (Fig. 7 and 8). 

Course: A right nephrectomy was performed 
with only minimal fall in blood pressure. The 
patient was discharged home and because of 
acute episodes of chest pain and persistent 
hypertension, the referring phvsician prescribed 
antihypertensives with a resultant immediate 
response. The blood pressure fell to 140/100. 


DISCUSSION 


The minute sequence modification of the 
intravenous pvelogram has provided addi- 


L 





AP 


Vic. §. Case rr. Five minute roentgenogram of minute 
sequence intra-aortic pyelogram confirms the 

'"Yc 1 . 

f ‘findings on the intravenous pyelograms. 
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l'1G. 6. Case 111. Three and 4 minute roentgenograms 
of minute sequence intravenous pyelogram show 
a small right kidney with decreased function. 


tional information regarding renal function. 
Variations in segmental filling and in the 
appearance time of the opaque medium 
have been useful and accurate in determin- 
ing renal arterv disease. The study has 
provided information which indicated the 
need for further definitive diagnostic proce- 
dures with visualization of the renal vessels. 
This method has markedlv increased the 
value of the intravenous pvelogram in the 
study of renal hvpertension. 

The minute sequence intravenous pvelo- 
grams, with initial interpretations by vari- 
ous observers prior to aortography, cor- 
rectlv localized the side of the abnormalitv 
in 13 cases (92.8 per cent). It was inter- 
preted as normal in 1 patient with bilateral 
renal arterv disease. 

To date, all of our studies have been done 
in the dehvdrated state. Recent evidence 
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7. Case irr. Aortogram shows right renal 
artery stenosis. 


shows that pyelograms made of the hy- 
drated patient may show abnormalities 
that the studies of dehydrated patients do 
nor ss 

The value of the minute sequence intra- 
venous pyelogram was demonstrated in 8 of 
the hvpertensive patients in whom a rou- 
tine § minute pyelogram probably would 
have been interpreted as normal. The ab- 
normality was demonstrated in or before 
the 4 minute roentgenogram following the 
injection of the opaque medium. The initial 
(5 minute) routine intravenous pvelogram 
would have demonstrated the abnormality 
in the other positive patients (5) of this 
series. 

The aortogram with the minute sequence 
[AP has been successful in 6 of our positive 
cases. The minute sequence IAP has corre- 
lated with the minute sequence IVP in all 
instances; the differences in opaque me- 
dium appearance time were usually accen- 
tuated (see Report of Cases). To date we 
have had no abnormal minute sequence 
intra-aortic pvelograms in patients with 
normal aortograms. 

Aortography offers an unusual oppor- 
tunity for study of the renal vessels, paren- 
chymal structure, and function. In general, 
the latter two have been neglected. Ideally, 
rapid sequence roentgenograms in the ob- 
lique and anteroposterior projections, using 
a Schónander or similar apparatus, should 
be taken in the early injection period fol- 
lowed by minute roentgenograms for 5 
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minutes (IAP). We have modified our 
technique in this manner. Several impor- 
tant observations can be made in this pe- 
riod. The major renal vessels and their 
divisions can be outlined for studv of cali- 
ber, distribution, and peripheral arboriza- 
tion. The development of the nephrogram 
phase reveals the degree of segmental fill- 
ing, the cortical contour, and the reaction 
of the kidney to the opaque medium. Sev- 
eral observers report a generalized contrac- 
tion of the kidney as a reaction to aortogra- 
phy. Hodson’ has estimated that this may 
temporarily reduce total kidney volume by 
as much as 40 per cent, and the unischemic 
kidney may contract more than the is- 
chemic kidney. The importance of this 
reaction has not yet been fully appreciated 
but conceivably may be helpful in the 
evaluation of renal parenchyma. 

Hippuran I?! renography was performed 
in all but 1 of the 24 patients with hyper- 
tension. Twelve of 13 patients with dimin- 





Fic. 8. Case 111. Three and § minute roentgenograms 
of minute sequence intra-aortic pyelogram cone 
firm the findings on the intravenous pyelograms. 
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ished renal arterial vascularity have had 
both positive renograms and minute se- 
quence pyelograms. Thus, in 92.3 per cent 
of the cases, the studies have correlated. 

Aortography was performed in 24 cases, 
either by the translumbar route or by the 
Seldinger technique. Fourteen patients 
were found to have significant renal artery 
lesions and g patients underwent surgery. 
The correlation of the minute pyelogram 
and renogram has further strengthened 
our basis for the selection of patients for 
aortography and/or surgery. 


SUMMARY 
1. The minute sequence intravenous 


pyelogram has proved to be a simple and 
accurate screening aid in patients with 
"renovascular hypertension. 

Rapid sequence studies made during 
ani following lumbar aortography demon- 
strate abnormalities in the vascular, neph- 
rographic, and contractile phases. The 
intra-aortic minute sequence pyelogram is 
discussed. 

3. The minute sequence pyelogram and 
the hippuran I? renogram show a correla- 
tion in 93 per cent of the cases. 

4. lhe roentgenographic diagnostic cri- 
teria are outlined. 


Tames F. Martin, M.D. 

Department of Radiology 

The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 
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TOTAL BODY OPACIFICATION IN CONVENTIONAL 
AND HIGH DOSE INTRAVENOUS UROGRAPHY 
IN INFANCY* 


By J. F. O.CONNOR, M.D., and E. B. D. NEUHAUSER, M.D. 


BOSTON, MASSACHUSETTS 





URING the course of several recent 

Intravenous urographic examinations 
performed at the Children’s Hospital Medi- 
cal Center for routine pediatric indications, 
opacification of abdominal viscera other 
than the urinary tract was noted in small 
infants. In these cases apparent relative 
opacification of liver and bowel wall as well 
as abnormal abdominal masses occurred in 
addition to the expected opacification of the 
genitourinary system. 

Although these findings were noted in the 
conventional newborn dose range of 2 cc./ 
kg., they were greatly enhanced by double 
doses of contrast material. The doses used 
were those commonly employed in the early 
newborn period and in the presence of ex- 
pected poor urinary excretion.?:* 


REPORT OF CASES 


Case 1. S.M. This was the first admission to 
the Children's Hospital Medical Center of this 
18 hour old baby girl with a large abdominal 
mass referred from another hospital. 

The patient was a product of a normal full 
term delivery. During the first 18 hours of life 
the abdomen became progressively distended. 
There was no vomiting and a roentgenogram 
revealed a large right abdominal mass. Transfer 
to the Children's Medical Center was then ar- 
ranged. 

Physical Examination. On admission the 
patient appeared generally well developed with 
a grossly distended abdomen. The temperature 
was 100.6? F., blood pressure 145, respiration 36 
and weight 3.4 kg. 

The positive physical findings were limited 
to the abdomen which was distended and tym- 
panitic with a questionably firm mass on the 
right. The rectal examination was negative. 
A light brown mucus on finger specimen was 
benzidine negative. 


* 


Laboratory Data. Hematocrit 45; urinalysis 
negative. 

Roentgen Findings. A chest roentgenogram 
showed elevated diaphragms. The flat roentgen- 
ogram of the abdomen demonstrated a large 
right upper abdominal mass displacing a gas 
filled stomach and small bowel into the left 
lower quadrant. A small fleck of calcification 
was noted in the right mid-abdomen. 

Intravenous urography was performed using 
renografin-60* 3.5 cc./kg. This revealed a nor- 
mal urinary tract except for compression of the 
kidneys by the large anterior abdominal mass. 

In addition on the early roentgenograms dur- 
ing and immediately after the injection, a 2 
mm. rim of opaque material surrounding a large 
relatively lucent area on the right side of the 
abdomen was seen. This was no longer visual- 
ized on the 5 minute urogram and was not 
retrospectively present on the plain roentgeno- 
grams (Fig. 1, Æ and B). 

Hospital Course. An abdominal exploration 
on the second hospital day revealed a large 
cystic mass in the right lower abdomen. The 
mass was dissected free and removed along 
with one ovary which was adherent to it. Fol- 
lowing removal of the mass, a segment of atretic 
ileum with microcolon was found. 

An ileo-ascending colostomy of the Mikulicz 
type was performed along with a gastrostomy 
for feeding. The Mikulicz clamp cut through in 
approximately 6 days and the patient was dis- 
charged on the thirty-second hospital day after 
a relatively uneventful postoperative course. 
The patient was given a follow-up appointment 
and a diagnostic evaluation for cystic fibrosis 
was planned. 

Pathologic Findings. Sections of the cyst wall 
showed the histology of small intestine. The 
mucosa was necrotic but the villous pattern 


* Renografin-6c. Brand of diatrizoate methyl glucamine. 
E. R. Squibb & Sons, New York, N, Y. Division of Olin Marthie- 
son Chemical Corporation. 


* From the Department of Radiology of the Children's Hospital Medical Center, Boston, Massachusetts, and the Department of 


Radiology of the Harvard Medical School, 
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Fic. 1. Case r. (4) Plain roentgenogram. Note right mid-abdominal mass. (B) Roentgenogram made 3 min- 
utes after injection of the opaque medium. Note opaque rim surrounding relatively lucent area in right 
mid-abdomen. 


could still be recognized. The submucosa and 
muscularis were markedly congested. The se- 
rosa was externally thickened with abundant 
granulation tissue which was heavily infiltrated 
by chronic inflammatory cells. Meconium 
granulomata and meconium particles were 
present. Sections of the terminal ileum proxi- 
mal and distal to the atresia were essentially 
normal. 

Diagnosis. Atresia of the small intestine with 
intrauterine rupture and meconium peritonitis. 


Case rr. Baby boy K. This was the first Bos- 
ton City Hospital admission of this newborn 
infant, the product of an uncomplicated preg- 
nancy terminating in premature labor at 3o 
weeks' gestation. Delivery was by outlet forceps 
after a rapid labor. The maternal blood group 
was B, Rh positive. 

Physical Examination. The infant's condi- 
tion at birth was poor. At 1 6 minutes of age the 
infant was cyanotic and flaccid with no grasp- 
ing or sucking reflexes. The blood pressure was 
136, respiration 40 and weight 1.7 kg. 

The positive physical findings were limited to 
the abdomen and the nervous system. The most 
striking finding was the flaccid abdomen flaring 
at the flanks. Transillumination revealed the 


presence of lucent ascitic fluid. No masses were 
felt and the kidneys were easily palpable and 
within the range of normal in size. The liver was 
palpable 2-3 cm. below the right costal margin. 
Apart from the poor grasping, sucking, and in- 
complete Moro reflexes, no localizing neuro- 
logic signs were detected. 

Laboratory Data. Hemoglobin 12.0 gm. per 
cent, hematocrit 35, white blood cell count 
22,:00, mm.? and slightly decreased platelets. 
The prothrombin time was 30 seconds, control 
13.4 seconds. Stools were normal meconium, 
benzidine negative. The blood group was O, Rh 
positive and a Coombs’ test was negative. 

Roentgen Findings. A single anteroposterior 
supine roentgenogram of the abdomen revealed 
the presence of marked ascites with a small fleck 
of calcium beneath the right twelfth rib. 

Roentgenograms during and immediately 
following the injection of 10 cc. of 50 per cent 
hvpaque* (5.8 cc./kg.) revealed striking opaci- 
fication of the liver, spleen, and intestinal walls. 
The kidneys were not seen and no contrast ma- 
terial was noted in the upper collecting systems. 
However, on the 10 minute roentgenogram 


* Hypaque sodium. Brand of diatrizoate methyl glucamine. 
Mallinckrodt Chemical Corporation, St. Louis, Mo. 
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there was contrast material in a normal appear- 
ing bladder, suggesting that no obstruction of 
the upper urinary tracts was present. The strik- 
ing opacification of the liver, spleen, and 1 ท - 
testinal wall was transient, most marked on the 
roentgenograms during and at the end of injec- 
tion. A subsequent roentgenogram taken at I% 
minutes after the injection showed that these 
findings had disappeared. The outlines of the 
liver and spleen were not demonstrated on the 
plain roentgenograms (Fig. 2, 4 and B). 

Anteroposterior and lateral venograms were 
made after 6 cc. of 50 per cent hypaque was 
injected into the umbilical vein. The portal 
venous system was patent and on the lateral 
roentgenogram there was visualization of the 
hepatic veins and of the right atrium. No ap- 
parent venous obstruction was present (Fig. 3). 

Hospital Course. The infant's hospital course 
ewas stormy. At 12 hours of life he began to de- 
velop a petechial rash and hemorrhage from the 
cord and venipuncture sites. The hemorrhage 
failed to respond to fresh whole blood, vitamin 
K, topical thrombin, protamine, and steroids. 
Abdominal paracentesis revealed clear vellow 
fluid which on bacterial culture showed no 
growth. At 30 hours of life hyperbilirubinemia 
requiring treatment by exchange transfusion 
supervened. 
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Blood loss from the cord and venipuncture 
sites was uncontrollable and he expired on the 
second day of life during a third transfusion of 
fresh whole blood. The clinical diagnoses were 
(1) prematurity; (2) hyperbilirubinemia; (3) 
neonatal ascites of unknown etiology; and (4) a 
bleeding disorder due to hypoprothrombinemia 
refractory to vitamin K. 

Pathologic Findings. At autopsy the only 
gross abnormalities noted were marked ascites, 
generalized organomegaly, hypoplasia of the 
right abdominal musculature, and abnormal 
lobation of the liver. 

Microscopic examination revealed the pres- 
ence of large cells with intranuclear and intra- 
cytoplasmic inclusions in the lung, pancreas, 
liver, kidneys, and brain. The intranuclear in- 
clusions were surrounded in many cases by a 
clear "halo." In addition, there was focal para- 
ventricular calcification in the brain. 

The clinical manifestations of jaundice, 
bleeding, ascites, and edema were felt to be due 
to severe hepatocellular damage. The histologic 
appearance of the organs was consistent with 
generalized salivary gland virus infection or so- 
called “‘cytomegalic inclusion cell disease." 

Case i. B.J.F. This was the first Mary 


Fletcher Hospital admission of this 3 week old 


a 
> 


Frc. 2. Case 11. (4) Plain roentgenogram. Note flaring of the flanks with small bowel loops floating in center 
of the abdomen due to ascites. (B) Roentgenogram made at the end of injection of contrast material. Note 
striking opacification of liver, spleen, and intestinal wall. 


66 J. F. O'Connor and E. B. D. Neuhauser 





| &. 


Fic. 3. Case n. Umbilical venogram. Note intra- 
hepatic radicles of portal vein and patency of 
hepatic veins. 


male infant referred from another hospital with 
a diagnosis of abdominal mass of unknown 
etiology. 

The baby was a product of a premature la- 
bor, weighing 2.4 kg. On the second day of life, 
he developed jaundice which was thought to be 
due to prematurity and no treatment was re- 
quired. On the fifth day of life, a mass was de- 
tected in the abdomen and the baby was trans- 
ferred to the Mary Fletcher Hospital. 

Physical Examination. Upon admission phys- 
ical examination revealed a slightly jaundiced 
premature infant in no acute distress. The tem- 
perature was 98.8? F., pulse 130, respiration 70 
and weight 2.1 kg. 

The positive physical findings were limited to 
the skin, heart and abdomen. The heart ap- 
peared to be enlarged to percussion and there 
was a Grade 11 to Iv systolic murmur heard on 
the left side of the sternum in the fourth and 
fifth intercostal space. The abdomen was pro- 
tuberant and a large, firm, movable, nonpulsat- 
ing irregular mass was found in the right upper 
quadrant. This descended to the iliac crest on 
respiration and appeared to be contiguous with 
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the liver. The spleen was not palpable. 

Laboratory Data. Hemoglobin 17.0 gm. per 
cent, hematocrit 55, white blood cell count 
[5,000/mm.* and platelets 7,000/ mm.? Total 
bilirubin was 19.0 mg./ 100 cc., direct 4.0 mg./ 
roo cc. The blood group was A, Rh negative. 
Urinalvsis was negative. 

Roentgen Findings. The admission chest 
roentgenogram showed increased vascular 
markings consistent with shunt. The antero- 
posterior supine roentgenogram of the abdo- 
men demonstrated a large soft tissue mass on 
the right side. Following the injection of con- 
trast material, a cystic structure outlined by 
contrast material relatively radiolucent in the 
center was seen 1 ท the region of the mass. The 
renal collecting svstems were unremarkable and 
the changes described above were transient, oc- 
curring during and immediately after injection. 
Retrospective review of the plain roentgenoe 
grams revealed no evidence of these findings in 
the region of the mass. 

Hospital Course. Following initial intrave- 
nous urography, a repeat examination with step 
wedge control and a double dose of contrast ma- 
terial confirmed the findings, as well as the oc- 
currence of total body opacification (Fig. 4, 7 
and B). 

An I?! rose bengal liver scan suggested a 
mass lesion in the right lobe of the liver devoid 
of activity (Fig. 5). 

A clinical diagnosis of neuroblastoma was 
made and abdominal exploration was done. 
There was a large 8X6 cm. mass in the right 
lobe of the liver having a cvstic appearance 
with areas of bluish discoloration. The tumor 
mass was removed, but bleeding was excessive. 
The patient had a cardiac arrest and expired on 
the operating table. 

Pathologic Findings. The neoplasm of the 
liver completely removed by surgery was a 
cavernous hemangioma with diffuse intra- 
tumoral thrombosis and hemorrhage. The clini- 
cal problem of thrombocytopenia and bleeding 
as well as the roentgenographic findings were 
probably explainable on this basis. 

The infant also had atelectasis, patent ductus 
arteriosus, biliary stasis and evidence of mas- 
sive blood loss. 


Several postulates to explain the afore- 
mentioned roentgen findings were consid- 
ered. These included: (1) opacification of the 
entire blood vascular compartment of the 
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Fic. 4. Case ut. (4) Plain roentgenogram. Note right mid-abdominal mass. (B) Roentgenogram made 3 
minutes after injection of the contrast material. Note lucent areas in the region of the liver interspersed 
with areas of increased opacity. Also note increase in opacity of the entire body relative to the step wedge. 


infant with selectivitv related to vascular- 
itv alone; (2) opacification of the entire 
blood vascular system with selectivity re- 
lated to venous stasis in the organ in ques- 
tion; and (3) selective secretion, excretion 
or tissue protein binding of the contrast 
material occurring 1 ท other organs as it 
occurs in the kidney and in the albumin 
blood vascular compartment.'?? Several 
simple experiments were planned to clarifv 
the problem and to prove or disprove the 
validity of these postulates. 


MATERIALS AND METHODS 


I. Phantom Study. A simple phantom 
was constructed consisting of a radiolucent 
container with 3 kg. of H:O distributed in a 
laver 8 cm. deep spread over the bottom. In 
this was immersed a water-filled balloon 6 
cm. in diameter which contained a lead 
marker to indicate its whereabouts. A 
roentgenogram of the phantom failed toshow 
the water-filled balloon except for the rolled 


edge at the mouth piece and the presence of 


the marker: Renografin-60 was added in 5 
cc. Increments to a total of 20 cc. and a 


roentgenogram was made after each incre- 
ment (Fig. 6, 4 and B). 





Note 
activity in right mid-abdomen. The area of nor- 
mal activity represents normal left lobe of the 
liver. 


Fic. 5. I! rose bengal liver scan. lack of 
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2. Animal Experiments. Two 3 kg. New 
Zealand rabbits were examined. The first 
was examined in routine fashion by intra- 
venous urographv, roentgenograms being 
taken during and immediately after the 
injection. The dose of renografin-60 admin- 
istered was 7.0 cc./kg. A similar examina- 
tion was performed on the second rabbit 
immediately after rapid intraperitoneal 
administration of 300 cc. of normal saline. 

3. Clinical Experiments. Ten infants of 
weights varying from 2.5 to 12.0 kg. had 
routine intravenous urographies with doses 
of contrast material of 4 cc./kg. Exposure 
densitv was controlled by a step wedge 
placed beside the infant. Subsequently, the 
serial roentgenograms during and after the 
injection were examined in multiple regions 
with a densitometer and variations in expo- 
sure were corrected by reference to the 
image of the step wedge (Fig. 4, 4 and B). 

4. Retrospective Studies. A review of 
several intravenous urograms made at the 
Children's Hospital Medical Center on 
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patients with lesions likely to be demon- 
strated was undertaken. 


RESULTS 


1. Phantom Studies. With as little as 2 
cc. of contrast material per kg. of surround- 
ing water, the water-filled balloon could be 
demonstrated as a negative shadow (Fig. 
6B). When this was increased to 4 cc./ kg., 
the balloon was well outlined; thus sustain- 
ing the postulate that, even if the contrast 
agent were distributed in the total body 
mass of a 3 kg. infant, it would be possible 
to visualize as a negative shadow a mass 
having the dimension of 75 per cent or more 
of the depth of the part of the phantom 
filmed. 

2. Animal Experiments. Striking visual- 
ization of the liver, spleen, stomach, and' 
intestinal walls occurred in both animals; 
but the visualization of the liver and bowel 
wall was greatly enhanced by the double 
contrast provided by the nonopaque intra- 
peritoneal fluid (Fig. 7, 4 and 5). 


Fic. 6. (4) Diagram of phantom. (B) Roentgenogram of phantom after the addition of 2 cc. of contrast ma- 
terial per kg. of H:O. Note lucent “mass.” See text. 





Total Body Opacification in Infancy 69 





e... ^ ; - A - : ย : 6 9% = - . ` 

Fic. 7. (4) Abdominal roentgenogram of a 3 kg. rabbit following the intraperitoneal injection of saline. (B) 

Roentgenogram following subsequent intravenous injection of contrast material. Note the striking opacifi- 
cation of stomach and intestinal walls, as well as of the liver and kidneys. 


3. Clinical. Experiments. In all cases 
demonstrable increase in radiopacitv rela- 
tive to the step wedge occurred, particu- 
larlv in the region of the liver. Variation 
due to position, respiration, and motion 
made it very difficult to obtain comparable 
measurements; but in at least one older 
infant (W.C., a 6 month old female) com- 
parable readings were obtained (Fig. 8). 
The increase in radiopacitv is self evident 
on inspection of the roentgenograms but, 
because of the technical factors mentioned, 
difficult to prove objectivelv. 


4. Retrospective Studies. A review of 


routine intravenous urograms of infants 
with lesions likely to be demonstrated 
showed varying aspects of total body opaci- 
fication, especially when early roentgeno- 
grams were available. In at least 1 infant a 
large cyst of the liver was demonstrable. 
DISCUSSION 

The safety of injecting relatively large 
doses of contrast material into infants and 
children has been recently stressed by Mac- 
Ewan e£ a/.4 who do so routinely in situa- 
tions where poor renal excretion of contrast 
material is to be expected. Lasser eż a7? 
have warned about the possibility of pro- 


ducing kernicterus in jaundiced newborn 
infants by liberation of protein bound bili- 
rubin due to competition of the injected 
contrast agent for albumin binding sites. 
Although this phenomenon has never been 
reported in man, other agents such as the 
sulfonamides which also compete for albu- 
min binding sites have been so incrimi- 
nated. At least until more evidence is avail- 
able, the intravenous injection of protein 
binding contrast media should not be per- 
formed when hvperbilirubinemia is present 
in the newborn. 

We have observed no ill effects in the 
children so treated in this studv, and the 
experience of others in performing angiog- 
raphy and angiocardiography has been the 
same.” Untoward reactions are apparently 
not dose related in the ranges emploved. 

Retrospectivelv, the interpretation of the 
roentgen findings 1 ท each of the cases re- 
ported became easier as each new case was 
seen. Initially, the concept of total body 
opacification was considered and discarded 
for more sophisticated explanations for the 
observed phenomena. This was particularly 
true in Case 1. It was thought initially that 
the rim of opaque material might represent 
such factors as functioning renal tissue at 


70 J. F. O'Connor and E. B. D. Neuhauser 


the periphery of a teratoma or venous stasis 
in the wall of a cyst. 

The second case, recalled from past ex- 
perience, had been initially interpreted as 
heterotopic excretion of contrast material 
by the liver, previously reported as a vari- 
ant of normal or occurring in the presence 
of poor renal excretion.! Overlooked were 
several discrepancies such as the opacifica- 
tion of the spleen and failure of opacifica- 
tion of the biliarv tract. The increased 
opacity of the bowel wall was not appreci- 
ated. Salzman and McClintock? have dem- 
onstrated excretion of intravenously in- 
jected contrast agents by the bowel in 
small animals; and although this has never 
been proven in man, there is no reason to 
doubt its occurrence. The transient nature 
of bowel opacification in these cases as op- 
posed to that noted later bv Salzman and 
McClintock? suggests that, in this instance 
at least, opacification of the circulating 
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blood is responsible for the phenomenon. 

As the case was more carefully considered 
in the light of knowledge gained from the 
first case, the probability of opacification of 
the entire blood vascular compartment 
with selectivity related to the vascularity of 
the organ and double contrast provided by 
the ascitic fluid became apparent. This 
conclusion stimulated the phantom studies 
which confirmed the possibility of this 
postulate at least in the circumstances of 
physiologic concentrations and the geome- 
trv of the first 2 cases. 

The striking results of the animal experi- 
ments are almost incontrovertible proof 
that opacification of the entire blood vascu- 
lar compartment and consequentlv struc- 
tures having a high degree of vascularitv 
does occur. The transient nature of the ob- 
served phenomena, 7.e., opacification of the 
highly vascular viscera, is also strong evi- 
dence in favor of this concept. The clinical 
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Fic. 8. Maximum O.D. (optical density) recorded in the region of the liver corrected for exposure variation 
by conversion to ratio of O.D. of 5 mm. of Al/O.D. max. liver. O.D. recorded at intervals before, during, 
and after the injection of contrast material in a 6 month old 8 kg. female infant. 
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experiments with the step wedge lend con- 
firmation, but for technical reasons cannot 
be construed as absolute proof of the occur- 
rence of total bodv opacification. 

Case 11, B.J.F., was the first prospective 
and planned study of a lesion susceptible of 
demonstration bv this method. Since that 
time other cases have been seen and other 
applications of the concept have been tried 
with varving degrees of success. One 18 
month old baby with a hepatoma replacing 
the left lobe of the liver was given a dose of 
4 cc./kg. with resultant production of a 
transient mosaic mottling of the liver shad- 
ow on the lateral roentgenogram. This 
consisted of a lacv network of opaque 
strands interspersed with areas of radio- 
lucency. At autopsy, these areas of lucency 
‘corresponded to focal hemorrhage and 
necrosis in the tumor. 

Several infants with intracranial lesions, 
such as subdural hematoma and hydro- 
cephalus, were examined with roentgeno- 
grams of the skull designed to demonstrate 
negative or lucent areas corresponding to 
the volumes of fluid outside the immediate 
circulation but these studies were all un- 
successful. This was probably due to the 
unfavorable roentgenographic geometry of 
the skull and its vascular supply, the per 
cent of over-all density supplied by even 
gross hydrocephalus being insufficient for 
demonstration against the highly opaque 
and vascular skull. 

Other areas of application which are 
planned are the demonstration of metastat- 
10 and primary tumors of the liver in in- 
fants and adults. Laminagraphy may be 
helpful in this regard. 

In summary, the most important obser- 
vations are that during routine and high- 
dose intravenous urography, opacification 
of the entire blood vascular compartment 
occurs, and this must be taken into account 
during the interpretation of roentgeno- 
grams. If full advantage is to be realized 
from this phenomenon, doses in the range 
of 2-4 cc./kg. of body weight must be em- 
ploved and roentgenograms taken during 
and immediately after injection. 
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SUMMARY 


1. Three cases of unusual opacification of 
abdominal viscera other than of the kidnevs 
occurring during intravenous urography 
have been presented. 

2. The mechanism of this opacification is 
thought to be due to opacification of the 
entire blood vascular compartment with 
selectivity related to the blood How alone. 

3. Several pathologic lesions have been 
demonstrated in retrospect. 

4. Ihe technique is enhanced by large 
doses of contrast material in the range of 
2—4 cc./kg. and roentgenographv during 
and immediately after injection. 

t. Neonatal ascites in cytomegalic in- 
clusion cell disease is reported for the first 
time. 


J. E. O'Connor, M.D. 
Department of Radiology 
Peter Bent Brigham Hospital 
Boston 15, Massachusetts 


We are indebted to Dr. Sidney S. Gellis of the 
Department of Pediatrics of the Boston City 
Hospital for Case ri. Drs. R. J. McKay, B. 
Soule, and D. J. Hanson of the Department of 
Pediatrics and Radiology of the University of 
Vermont School of Medicine, and the Mary 
Fletcher Hospital, Burlington, Vermont, kindly 
supplied the roentgenograms and clinical data 
for Case ni. 
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EXTRAVASATION NEAR THE URETERO- 
VESICAL JUNCTION* 


By RICHARD M. FRIEDENBERG, M.D., and CHARLES NEY, M.D. 


NEW YORK, NEW YORK 


A! HOUGH there has been considerable 
documentation of instrumental trau- 
ma producing extravasation of contrast 
medium outside of the ureter during retro- 
grade examination, there has been no at- 
tempt to classify the exact nature of the 
extravasation. Most of the perforations 
produced by instrumentation occur at or 


at the time of perforation, a specific roent- 
gen picture 1s produced. We have classified 
the tvpes of perforations in this area as 
follows: (1) submucosal extravasation, oc- 
curring in the intravesical ureter and ex- 
tending around the ureteral orifice under 
the mucosa of the bladder; (2) intramural 
extravasation, occurring in the intramural 
portion of the ureter and sharplv limited by 
the muscle of the bladder wall; (3) sub- 
serosal extravasation, extending from the 
ureteral wall under the outer wall of the 
bladder; and (4) retroperitoneal extravasa- 
tion, secondary to ureteral rupture outside 
of the wall of the bladder. 

The frequency of perforation in this area 
is related to: (1) the difficultv occasionally 
encountered in inserting the catheter into 
the terminal ureter; and (2) the frequency 
of ureteral calculus or infection producing 
either an obstruction to the passage of the 
catheter, or a more friable ureter which is 
more easily perforated. 

In this paper, we will attempt to de- 
scribe the characteristics of each of the 
above perforations which occur in the distal 
5 to 6 cm. of the ureter. In the large major- 
itv of cases the perforation seals spontane- 
ously and repeat roentgenologic examina- 
tions 10 to 14 days later reveal no abnor- 
malitv. 


Anatomically, the ureter is composed of a 
fibrous outer coat, a muscular middle coat, 
and a transitional cell mucosal laver. The 
muscular coat consists of inner and outer 
longitudinala nd middle circular lavers, the 
longitudinal muscle extending into the 
trigone of the bladder joining with similar 
fibers from the opposite ureter to form the 
interureteric ridge. 

The bladder also contains 3 muscular 
lavers with the circular muscle predominat- 
ing in the region of the ureteral orifices. It 
is this circular muscle around the intra- 
mural portion of the ureter which produces 
the localized extravasation seen in intra- 
mural perforations. The mucosa which is 
composed of transitional cell epithelium 1s 
loosely attached to a thin laver of lamina 
propria rather than a true submucosa. 
Submucosal perforation allows the contrast 
material to spread through the lamina 
propria in a thin radiating pattern. The 
serosa is limited to the fundus of the blad- 
der and consists of the peritoneal reflection 
with the retroperitoneal portion covered by 
a thin fibrous sheath. Subserosal extravasa- 
tion may include extravasation under the 
retroperitoneal fibrous outer wall of the 
bladder as well as the subserosal fundic 
area, 


ROENTGEN CHARACTERISTICS 
SUBMUCOSAL EXTRAVASATION 


When perforation occurs in the intra. 
vesical segment of the ureter, the contrast 
material will extend under the mucosa in 
the lamina propria of the bladder. The 
contrast medium hes between the muscular 
lavers and the mucosal laver of the bladder. 
As the contrast material extends under the 
mucosa, 1t produces a featherv, fan-shaped 


* From the Departments of Radiology and Urology of The Bronx--Lebanon Hospital Center, New York, New York, 
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appearance. The margins of the extra- 
vasated opaque medium are loosely held 
within this limited area without the typical 
appearance of retroperitoneal perforation 
which would allow the contrast material to 
extend along the wall of the ureter caudally 
into the pelvis. This type of extravasation 
is usually associated with difficulty in in- 
serting the retrograde catheter into the 
ureteral orifice. 

Figure 1 demonstrates a submucosal 
perforation showing the fan-shaped edges 
of the contrast material around the internal 
ureteral orifice. The perforation occurred in 
the intravesical segment of the ureter. 
There is no evidence of retroperitoneal dis- 
persion. The margins of the extravasated 
contrast medium are not as smooth nor 

"confined as seen in the intramural perfora- 
tions. Note that the tip of the catheter lies 
within the vesical lumen. 


INTRAMURAL EXTRAVASATION 


When the perforation occurs in the intra- 
mural portion of the ureter, a sharply con- 
fined relatively narrow short area of extra- 
vasation is produced, usually with fairly 
smooth margins and sharply limited on 
each side by the muscular layers and at 
each end by the fibrous wall and the mucosa 
of the bladder. In effect, it produces a cylin- 
drical type of appearance of limited extent. 

Figure 2 shows a case of intramural per- 


hd Le 





lic. 1. Roentgenogram showing the fan-shaped 
edges of the contrast material around the internal 
ureteral orifice. 
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lic. 2. Roentgenogram showing intramural perfora- 
tion with the contrast material sharply limited 
between the circular muscle bundles of the bladder. 


foration with the contrast material sharply 
limited between the circular muscle bundles 
of the bladder. Note the cvlindrical appear- 
ance as well as the central position of the 
ureteral lumen. The pressure of the con- 
fined contrast material presumably devi- 
ated the inner and outer vesical walls 
lengthening the intramural segment. A 
minimal amount of the medium appears to 
be extending outside of the bladder wall 
into the retroperitoneal area. 


SUBSEROSAL EXTRAVASATION 


Subserosal extravasation is usually asso- 
ciated with free retroperitoneal extravasa- 
tion. The contrast medium extends under 
the fibrous outer wall of the bladder to the 
true serosa in the fundic portion of the 
bladder. Usually some of the contrast ma- 
terial ruptures through the fibrous wall, 
and is seen extending into the retroperi- 
toneal area. The fact that subserosal extra- 
vasation is present is usually easily recog- 
nized by the curvilinear extension of the 
contrast material under the serosa in the 
fundic portion of the bladder. 

Figure 3 shows a typical case of subsero- 
sal extravasation. The arrow points to the 
curvilinear contrast material extending 
around the wall of the bladder. Free retro- 
peritoneal extravasation is present where 
the contrast material has ruptured through 
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the outer wall of the bladder. There is no 
evidence of intraperitoneal extension. The 
catheter appears to have passed through 
the ruptured ureter into the bladder wall. 


RETROPERITONEAL EXTRAVASATION 


All of the above perforations have oc- 
curred within the terminal few centimeters 
of the ureter which is surrounded by the 
vesical structures. If perforation occurs 
above the intramural segment of the ureter, 
then free retroperitoneal extravasation 1s 
noted. This usually allows contrast ma- 
terial to extend around the ureter in an 
irregular fashion and into the retro- 
peritoneal areas of the pelvis. Perforation of 
the pelvic ureter usually results in the 
extravasated contrast medium extending 
caudally from the site of perforation, pre- 
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Fic. 3. Roentgenogram showing subserosal extra- 
vasation. The arrow points to the curvilinear con- 
trast material extending around the wall of the 
bladder. 
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FIG. 4. Roentgenogram showing retroperitoneal ex- 
travasation following rupture of extravesical 
ureter. 


sumably following the dependent course of 
the ureter in this area. 

Figure 4 shows typical retroperitoneal 
extravasation following a rupture of the 
extravesical ureter. The contrast material 
extends down along the general course of 
the ureter in an irregular fashion. It is not 
limited to any tissue planes. 


CONCLUSION 


We have found considerable variation in 
the appearance of ureteral perforations 
occurring in the distal few centimeters of 
the ureter. The roentgen appearance is 
usually sufficient to classify these perfora- 
tions as follows: (1) intravesical submuco- 
sal, (2) intramural, (3) subserosal, and (4) 
retroperitoneal. 


Richard M. Friedenberg, M.D. 
Department of Radiology 
Lebanon Hospital 

New York, New York 
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JJURIES OF THE 


KIDNEY IN CHILDHOOD* 


By V. CAPEK, M.D., and F. FOJTÍK, M.D. 


PRAGUE, 


NJURIES of the abdominal organs in 

childhood present a perplexing problem 
in medical practice. The mechanism of the 
injurv is sometimes indeterminate and may 
not necessarily seem relevant to a child's 
way of life. The historv of the case is usu- 
ally not reliably reported and the subjec- 
tive state of the patient can often mask 
„pathologic changes. Clinical, laboratory 
"and roentgenographic examinations are 
necessary in every suspected case of injury 
in the abdominal and lumbar regions. 

The recognition of kidney injuries ordi- 
narily causes no great difficulties. Clinical 
evidence, urinalysis, plain roentgenograms 
of the abdomen and intravenous urography 
can in the majority of cases determine 
with certainty whether or not the kidney 


is affected. If symptoms due to renal 
trauma are present, changes may be 


found partly in the collecting system and 
partly in the retroperitoneal space. Rup- 
ture or deformity of the calyces, oblitera- 
tion of the retroperitoneal space, and 
sometimes lack of excretion of the contrast 
medium by the kidney may be demon- 
strated. With urography, however, more 
detailed information on the extent of the 
injury of the specific renal parenchyma 
cannot be obtained. Likewise, the condition 


of the vascular system, the knowledge of 


which is important in kidney injuries, re- 
mains uncertain. Sometimes it is difficult 
to determine whether in a verified kidney 
injury the therapy should be conservative, 
or the extent of the injury is such that sur- 
gical intervention is justified. The decision 
may not always be of greatest benefit to 
the patient if only the clinical state, urinal- 
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ysis and urographic findings are taken into 
consideration. 

With renal angiography both the whole 
parenchyma of the kidney and its vascular 
supply can be demonstrated. Its applica- 
tion is therefore well suited for cases of 
kidney injury. Single reports have been 
published on the technique of direct aortog- 
raphy in traumatic lesions of the adult 
kidnev, by which extravasation of con- 
trast medium or thrombosis or spasms of 
vessels could be determined. We are of the 
opinion, however, that in acute kidney 
injuries the diapnostis advantage of angiog- 
raphy thus performed does not justifv its 
application, particularly in children. On 
the other hand, retrograde selective renal 
angiography with the catheter percutane- 
ously introduced has proved very useful in 
such cases. 

A red Odman KIFA catheter with rec- 
tangular or sharply bent tip is emploved. 
Its shape i is selected on the basis of the rela- 
tion of the intervertebral space Lı to the 
upper edge of the renal hilus, corresponding 
to the course of the renal artery. Following 
premedication with barbiturates, the cath- 
eter is Introduced into the femoral artery 1n 
the groin under local anesthesia. General 
anesthesia has so far not been necessarv 
even in children. After introducing the 
catheter into the origin of the renal arterv, 
which is ordinarily very easy and rapid in 
children, 4-6 ml. of 60 per cent urografin is 
injected and the arterial, capillary and 
venous phases are recorded bv a series of 
exposures. No complications of either a 
local or general nature have been en- 
countered following this examination. 





* From the Departments of Radiology and Pediatric Surgery, Hospital Bulovka, Prague, Czechoslovakia, 
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REPORT OF CASES 


Case 1. A.K., a 9 year old girl, on June 6, 
1961, while playing hide and seek, fell about 3 
feet and hit her right flank against a stone. 
Macroscopic hematuria was present for about 
half a day. Excretorv urograms on the follow- 
ing day revealed extravasation in the lower seg- 
ment of the right kidney. Selective renal angio- 
grams on the fourth day after the injury demon- 
strated localized changes indicating ischemia of 
the parenchyma (Fig. 1, 4 and B). In the course 
of the surgical exploration of ] une I4, I96I a 
perirenal hematoma in the stage of beginning 
organization was evacuated. After decapsula- 
tion two fissures were found, one on the ante- 
rior and the other on the posterior aspect of the 
kidney. Suture of the kidney followed. The 


postoperative course was uneventful. 
on June 23, 1961 were normal. 


Case n. Z.N., a 9 year old girl, oi 
1961, fell into a creek from a height o 
feet and hurt her lett flank. Shortlv at 
cident marked hematuria developed. 
urograms on the same dav revealed 
the lower segment of the left kidney w 
renal hematoma. Selective renal a 
made on the fourth day after the inju 
segmental disturbance of vasculariza 
left kidney of traumatic origin (Fig. 
B). On June 30, 1961 at operation, : 
hematoma with beginning organiz 
found enveloping the lower two-thi 
kidney and compressing the ureter. À 
moval it was evident that the lower | 





Fic. 1. Case 1. (4) In the lower segment of the kidney, there are unsharply delineated areas of is 
tending to both the medulla and the cortex. The outline of the lower segment of the kidnev i 
On the nephrogram ischemic areas, especially in the cortex of the lower segment, are visible. 
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kidney was separated by a double tear glued by 
fibrin. The kidney was sutured. The postopera- 
tive course was uneventful. Urograms on July 
15, 1961 showed incomplete filling of the col- 
lecting system on the left side; in September of 
1961 urograms showed normal function. 


Case ur. J.M., an 8 year old boy, fell from a 
bicycle on March 2, 1960 and hurt his cheek 
and right lumbar region. About 2 hours later he 
noticed blood in the urine which lasted about 
half a day. The following day excretory uro- 
grams revealed a perirenal hematoma and rup- 
ture of the lower calyx of the kidney. Selective 
renal angiograms on the fifteenth day after the 
injury showed a completely separated and dis- 
located lower segment of the kidney with an un- 
disturbed vascular supply. In the upper two 
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ic, 2. Case 11. (4) Between the middle and lower segment, there is a homogeneous ischemic zone of nearly 
1 inch width, crossing the whole kidney. The arteries in this zone are not affected. (B) On the nephrogram 
the ischemic area 1s unsharply defined against the surrounding parenchyma and along its extent the renal 
outline is missing. 


segments irregular ischemic areas were found 
(Fig. 3, 4 and B). Retrograde pyelograms on 
March 25, 1960 and intravenous urograms on 
April 19, 1960 showed signs of progressive hv- 
dronephrosis. Selective renal angiograms, one 
month after the injury, disclosed that the 
lower part was approximated, partly overlap- 
ping the upper one; the vascularization was 
normal. On the contrary, in the upper part the 
ischemic areas were larger and clearly visualized 
(Fig. 3, C and D). Operation on April 27, 1960 
revealed a large organized hematoma, compress- 
ing the subrenal ureter. After the kidney was 
laid free, the upper part was found to be dif- 
fusely saturated with blood; the lower segment 
showed no macroscopic changes. Nephrectomy 
was performed. Histologically (Dr. Viklicky), 
hemorrhagic and inflammatory changes of the 
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Fic. 3. Case rir. (4) The lower segment of the kidney is separated, adhering to an intact vessel stem. The 
outline of the middle segment is distorted. Both parts of the kidney are separated by an irregular chink. 
(B) The contour of the upper part is not sharp, with tiny cortical spots of ischemia. Capillary filling of the 
lower segment js homogeneous. (C) Selective angiogram shows that the segments are approximated, partly 
overlapping. (D) The contour of the upper and lower part is sharp. The lower part is homogeneously filled; 
in the upper a large map-like defect is noted. 
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interstitial tissue of the upper two segments 
were found; the structure of the lower segment 
was quite normal. The postoperative course was 
uneventful. 


Case iv. R.S., a 7 year old boy, on June 30, 
1959 ran into a loaded 1 ๐ ton lorry. The front 
wheels passed over his hands and abdomen. 
Heavy shock and suffocation followed. Laparot- 
omy showed rupture of the left diaphragm with 
traumatic herniation of the stomach and a part 
of the colon into the thorax. A whitish edema of 
the retroperitoneal space and mesentery was 
also found. At catheterization no blood was 
noted in the urine. Thoracotomy with reposi- 
tioning of the organs was accomplished and the 
diaphragm was sutured. On the eleventh day he 
left the hospital without complaints. On August 
7, 1959 he developed lumbar colic on the right, 
vomiting and blood in the urine. Excretory uro- 
grams on August 10, 19:9 revealed an obscured 
retroperitoneum and loss of function of the right 
kidney. Retrograde pyelography proved unsuc- 
cessful because of the obstruction of the ureter 
by blood clots. Selective renal angiograms on 
September 3, 1959 showed a renal rupture 
dividing the kidney into halves with marked 
deformity of the lower half and pronounced dis- 
turbance of its vascularization. The two halves 
overlapped each other. The upper capsular 
artery was stretched and laterally displaced 
(Fig. 4, Æ and B). Operation on September 16, 
1959 disclosed a perirenal hematoma and a com- 
plete rupture of the kidney. Nephrectomy and 
ureterectomy were performed. Histologically 
(Dr. ViklickY), hemorrhagic saturation of the 
entire kidney was found. The postoperative 
course was uneventful. 





DISCUSSION 

Clinical evidence, urinalysis, the dura- 
tion and intensity of hematuria, and the 
changes noted on plain roentgenograms and 
Intravenous urograms seem to be unreliable 
in the evaluation of the severity of renal 
trauma. In cases of nonfunctioning kidney 
and ureter obstructed with blood clots, the 
extent of the injury cannot be determined. 
Loss of function cannot always be related 
to the trauma itself with certainty. 

Selective renal angiography in such cases 
offers accurate Information not only about 
the presence of traumatic changes of the 
parenchyma, but also about their impor- 
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tance, localization and extent and possibly 
about the hemorrhagic involvement of the 
kidney. 

In the simple fissure of the parenchyma 
without displacement of the segments, 
striped and spotted confluent ischemic areas 
which are not sharply delineated, are 
visualized within both the medulla and the 
cortex. The boundary between the medulla 
and the cortex is indistinguishable. The 
renal outline 1s poorly visualized. 

In a more extensive rupture, the area of 
the disturbed vascularity is greater, the 
ischemia 1s more pronounced and homog- 
enous and it involves the whole kidney 
including the cortex so that the outline of 
the kidney cannot be seen. 

In a complete rupture of the kidney, the 
segments are separated or may be over- 
lapping; sometimes they are dislocated and 
their contour is distorted. The segments 
generally adhere to major vessels. The in- 
homogeneity of the nephrogram, the hazi- 
ness of the outline and the nonvisualiza- 
tion of the boundary between the medulla 
and the cortex reflect the damage pro- 
duced in the interstitial tissue by the hemor- 
rhage. 

In a comparison of Cases 1, r1 and rm it 
was noted that, although the intravenous 
urograms were almost identical in all 3 
instances, the changes seen on angiograms 
corresponded much more accuratelv to the 
findings at operation. An almost identical 
injurv mechanism can lead to damage of 
varving degrees. Neither the duration of 
the hematuria nor its intensity Is decisive 
in judging the extent of the injury. 

Selective angiography can also supply 
the answer to the question as to whether the 
segments of the renal tissue can heal spon- 
taneously if their vascular supply is not 
disturbed. It was clearly proved, especially 
in children, who have undoubtedly a much 
greater tendency to spontaneous healing of 
all tissues, that this could not be ex- 
pected 1 ท kidnevs, even though both the 
angiographic and the histologic findings 
indicated favorable conditions for such heal- 
Ing. 
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Fic. 4. Case 1v. (4) The kidney is divided into two overlapping parts, the lower being roughly distorted. 
The upper capsular artery is stretched and displaced laterally. (5) In the lower part, there are many un- 
sharply delineated areas of ischemia; the outline is hazy and defective. 


SUMMARY 


I. Selective renal angiography with the 
catheter percutaneously introduced, is a 
useful and safe method in children for 
study of kidney injuries. 

2. Four cases of injury of the kidney in 
children are presented in which selective 
angiograms revealed areas of ischemia of 
the renal tissue, rupture and displacement 
of the ruptured segments. 

3. In childhood spontaneous healing of 
a rupture of the kidnev cannot be expected. 

4. Selective renal angiography gives 
more precise information about the extent 


of the injury than the clinical findings or 
excretory urography. 


V. Capek, M.D. 
Gottwaldovo nábf. 30 
Prague r, Czechoslovakia 
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PERLIPELVIG RENAL CYSI* 
CASE REPORT WITH A DIAGNOSTIC ROENTGEN SIGN 


By ROBERT SHAPIRO, M.D. 


NEW HAVEN, CONNECTICUT 


YSTS in the region of the renal hilus in 

juxtaposition to the pelvis and calyces 
are relatively uncommon. This is borne out 
by a recent nephrotomographic survey of a 
large series of renal masses which revealed 
the incidence of peripelvic cysts to be ap- 
proximately one seventeenth that of soli- 
tary renal cvsts.? 

Peripelvic cysts are thin-walled, translu- 
cent structures containing straw-colored 
fluid. They are variable in size and may be 
single or multiple. In the author’s case, as 
well as in the cases reported in the litera- 
ture,” +569 there was no demonstrable con- 
nection between the cyst and the renal 
pelvis. The exact nature of these lesions is 
not known. It has been suggested by some 
that they develop from congenital wolfhan 
bodies or mesonephric rests. * Henthorne;? 
on the other hand, believes that thev are 
lymphatic in origin, possibly the result of 
chronic inflammation with lymphangiecta- 
sis.” 

The typical peripelvic cyst manifests 
itself on pvelograms as a perihilar soft 
tissue mass which compresses and displaces 
the kidney pelvis and calyces. When the 
calyces are involved, their infundibula are 
elongated and tend to be draped about the 
periphery of the cyst. There may also be 
mild caliectasis due to partial infundibular 
obstruction. Since the peripelvic cyst is not 
truly intrarenal, it is not surrounded by 
renal parenchyma. Hence, unlike ordinary 
renal cysts, it is not visualized on nephro- 
tomograms as a sharply defined radio- 
lucency surrounded by opacified renal tissue. 

As a consequence of its hilar origin, the 
cyst may, as 1t expands, carry normal hilar 
fat with it and eventually be partially or 


completely ringed by the latter.”*!° The 
resultant crescentic radiolucent shadow 
cast by the fat enveloping the periphery of 
rounded perihilar mass on pyelograms is 
quite characteristic. Because this sign has 
not, to the author’s knowledge, been previ- 
ously described, it 1s briefly reported here. 


REPORT OF A CASE 


M. M., a 67 year old white female, was ad- 
mitted to The Hospital of St. Raphael because 
of an episode of right renal colic one week previ- 
ously. No hematuria was present. An intra- 
venous pyelogram at a private radiologist's 
office was interpreted as showing an enlarged 
right kidney with calyceal deformity diagnostic 
of an intrarenal mass lesion. The past medical 
history was noncontributory. 

Physical examination was unremarkable ex- 
cepting for questionable enlargement of the 
right kidney. Nephrotomography was not per- 
formed because of the lack of an adequate ac- 
cessible vein. Retrograde pyelograms demon- 
strated a rounded mass lateral to the renal 
hilus which elongated, displaced and com- 
pressed the calyces and the lateral aspect of the 
renal pelvis. Because of the radiolucent rim 
around the margins of the mass, a preoperative 
diagnosis of peripelvic cyst was made (Fig. 1 
and 2). 

At operation, a translucent, thin-walled cyst, 
5 cm. in diameter, was found on the postero- 
lateral aspect of the kidney. The cyst bulged 
into the renal hilus, impinging on the renal 
artery and vein anteriorly. Although the ad- 
herent renal pelvis curved around the medial 
surface of the cyst, no actual connection be- 
tween the cyst and the pelvis was demonstrable. 
The cyst was dissected free of the renal vein and 
pelvis and excised. The postoperative course 
was uneventful. 

Pathologic examination disclosed a glisten- 
ing, smooth-walled cystic structure containing 


* From The Departments of Radiology of The Hospital of St. Raphael and the Yale University School of Medicine, New Haven, 
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[16. 1. Retrograde pyelogram showing distortion, 
elongation and displacement of right kidney pelvis 
and calyces by a peripelvic cyst on the postero- 
lateral aspect of the renal hilus. The crescentic 
radiolucency along the lateral margin of the cyst 
produced by the displaced hilar fat can be seen. 


straw-colored fluid. Microscopic sections 
showed a thickened, collagenized cyst wall with 
a thin lining in which an occasional flattened 
cell of indeterminate origin could be seen. 


SUMMARY 
A case of peripelvic renal cyst is reported 
in which a diagnostic roentgen sign, 7.e., a 
radiolucent crescentic shadow around the 
periphery of a perihilar mass, was demon- 
strated on pvelograms. 
Department of Radiology 


The Hospital of St. Raphael 
New Haven 11, Connecticut 
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THE ROENTGENOGRAPHIC APPEARANCE OF 
PULMONARY HEMORRHAGE ASSOCIATED 
WITH GLOMERULONEPHRITIS 


By HAROLD M. BRANNAN, M.D., Fellow in Roentgenology; WILLIAM T. E. 
McCAUGHEY, M.D., Research Associate in Pathology; and 
C. ALLEN GOOD, M.D., Section of Roentgenology 
Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


ITHIN recent vears a number of 

authors have described a syndrome 
characterized by the association of pulmo- 
nary hemorrhage and glomerulonephritis. 
Signs and symptoms of disease from either 
the pulmonary or renal system may be 
absent or well masked in certain phases of 
the disorder so that the simultaneous in- 
* volvement of both svstems is not alwavs 
apparent. Pulmonary svmptoms such as 
cough and dvspnea together with bloodv or 
blood-streaked sputum have usually called 
attention to the pulmonarv involvement. 
In the present paper the roentgenographic 
changes seen in the lungs of a group of 
these patients are described. 

REVIEW OF LITERATURE 

In 19:5 Parkin and associates! reported 
on 7 patients with combined glomerular 
lesions and pulmonary hemorrhage. They 
noted focal inflammatory changes in the 
alveolar septa with necrosis or breakdown 
of their substance, which thev termed 
“necrotizing alveolitis." 

Stanton and Tange’ reported 9 cases of 
pulmonary hemorrhage associated with 
glomerulonephritis. On reviewing their 
cases together with those previously de- 
scribed in the literature,?? 55 they pro- 
posed that the features of these cases were 
constant enough to define a definite clinical 
and pathologic syndrome. They suggested 
the term ‘‘Goodpasture’s syndrome" in 
deference to Goodpasture’s® description in 
1919 of an apparent influenza-like illness 
complicated by pulmonary hemorrhage in 
which severe pulmonary bleeding and 
glomerulonephritis were demonstrated at 
necropsy. 
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Since the appearance of these two series, 
there have been several additional reports 
of similar cases with varving observed 
differences. *7-* ?.5 Rusby and Wilson” in 
1960 suggested that the condition was the 
same kind of disorder as Henoch-Schónlein 
purpura, the lungs being involved instead 
of the skin, joints and gastrointestinal 
tract. Manv authors have called attention 
to the similaritv of the pulmonary findings 
to those of idiopathic pulmonary hemosider- 
percent 

In many of the recorded cases, hemor- 
rhage from the lungs has preceded the 
detection of renal disease. In a recent re- 
view of the incidence of severe pulmonary 
hemorrhage in cases of glomerulonephritis 
coming to necropsv at the Mayo Clinic, 
however, it appeared that hemorrhage 
followed the onset of nephritis in most 
instances." [n some cases the hemorrhage 
clearly appeared terminally. The signifi- 
cance of the association between the pul- 
monarv and the renal disturbance is ob- 
scure at present, but it would appear, even 
in those cases in which pulmonary hemor- 
rhage occurs in the terminal stages of the 
nephritis, that the hemorrhage and renal 
diseases are independent manifestations of 
the same underlying disorder. In a few cases 
the lesions of periarteritis nodosa have been 
found in one or more viscera. ^?" 

In those instances 1 ท which pulmonary 
hemorrhage has signaled the onset of the 
disorder, or in which 1t has developed some 
time prior to death, it has characteristically 
been intermittent, and in some cases there 
has been complete remission of pulmonary 
symptoms between episodes of bleeding.” + 
Under these circumstances and until the 
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emergence of renal signs, the clinical picture 
would appear to be verv similar to that of 
idiopathic pulmonary hemosiderosis. Sev- 
eral cases have been observed in which 
there has been no recurrence of pulmonary 
hemorrhage in the late stages of the illness 
and hemosiderosis has been the salient 
finding in the lungs at necropsy." 

Parenchymal bleeding into the lungs and 
the accumulation of hemosiderin-laden 
macrophages are now accepted as responsi- 
ble for a fairly characteristic pattern seen 
on roentgenograms of the lungs in idio- 
pathic pulmonary hemosiderosis. The 
roentgenologic appearance 1s that of diffuse 
opacities, ranging from a coarse mottled 
appearance to an almost homogeneous 
character. Central portions of the lungs are 
usually more involved.’ 

The evanescent character of the densities 
is emphasized, with marked clearing some- 
times occurring." The clearing demon- 
strated roentgenographically is generally 
considered to be correlated with the clear- 
ing of fresh hemorrhage, and the more 
persistent flecking and reticular pattern to 
be due to focal deposition of hemosiderin 
and stromal changes in relation to the 
deposits.) 

Differentiation between the early phase 
of hemosiderosis and certain types of pneu- 
monitis or from varving causes of increased 

vascular permeability in the lungs has most 
often been impossible by roentgenologic 
means, 


MATERIAL AND METHOD 


Available roentgenograms of the chest 
were reviewed in all 14 cases of pulmonary 
hemorrhage associated with glomerulo- 
nephritis in which necropsy had been per- 
formed at the Mavo Clinic. This review 
showed that in the light of the clinical his- 
tory and the pathologic findings the roent- 
genogram is often an accurate guide to the 
stage of the process and to the immediate 
gravity of the pulmonary problem. The 
salent clinical features plus a detailed 
description of the pathologic findings in 
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these and other cases have been reported 


previously." 


FINDINGS 


Roentgenograms obtained during the 
stage of active parenchymal bleeding in 5 
instances demonstrated both the intermit- 
tent and the widespread nature of the pul- 
monary involvement. The affected portions 
showed fine, diffuse, almost powdery shad- 
ows. Areas of involvement were usually 
discrete, though multiple, and encompassed 
areas ranging from 1 em. in diameter to the 
size of an entire lobe. In certain instances 
these roentgenographic findings were pres- 

ent before frank hemoptysis was noted. It 
appeared that these shadows were produced 
bv blood within the alveoli, which seems to 
be the earliest stage at which roentgeno- 
graphic changes mav be detected. 

Patients in whom a longer course was 
observed exhibited a change from the initial 
roentgenographic pattern. Roentgenograms 
available in g cases had been obtained 
sometime after the severe pulmonary hem- 
orrhage had subsided clinically, though 
some of these patients were still producing 
small amounts of blood-streaked sputum. 
The patterns presented on 2 of these roent- 
genograms were indistinguishable from 
those of pneumonic processes. The most 
common pattern was that of diffuse nodular 
densities distributed throughout the lungs. 
These densities slowly cleared except in 
those cases of long-standing recurrent hem- 
orrhage wherein they were more persistent 
and more discrete. 

The following cases illustrate these roent- 


genographic findings in relation to the 
clinical and pathologic features of the 


disease. 


ILLUSTRATIVE CASES 
ACUTE INTRA-ALVEOLAR HEMORRHAGE 


Case 1, A 40 year old woman was known to 
have had chronic glomerulonephritis for 3 years. 
She came to the Mayo Clinic in January, 1957, 
because she suddenly had experienced extreme 
weakness, dvspnea and cough productive of 
bloody sputum. Physical examination showed a 
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temperature of 98.6° F., a pulse rate of 80 per 
minute, and a blood pressure 150 mm. of 
mercury systolic and 9o diastolic. There was 
minimal swelling of the face and feet. The lungs 
were clear to auscultation. 

Laboratory findings were as follows: specific 
gravity of the urine 1.010; Grade 1 hematuria; 
leukocyte count 6,300 per cubic millimeter of 
blood (lymphocytes 24 per cent, monocytes 8 
per cent, neutrophils 64 per cent, and eosino- 
phils 4 per cent); hemoglobin 6.8 gm. per 100 
ml.; blood urea 150 mg. per roo ml.; lupus 
erythematosus (L. E.) clot negative; sputum 
cultures for tubercle bacilli and fungi negative. 

A roentgenogram of the chest (Fig. 1) showed 
a diffuse process throughout most of the right 
lower lobe with small areas of involvement pre- 
senting in the left midlung field. The densities 
revealed an extremely fine punctate con- 
sistency. An air bronchogram can be seen in the 
lower part of the right lung. 

The patient rapidly became more dvspneic, 
developed increasingly bloody sputum, and died 
in respiratory distress. 

At necropsy the lungs were heavy (right 
1,475 gm., left 1,135 gm.). On section there was 
massive edema of a hemorrhagic nature with 
some areas of frank hemorrhage into the paren- 
chyma of the lung. Histologically, there was 
widespread and marked fresh hemorrhage into 
the alveolar spaces, and in areas there were 
moderate numbers of siderophages. In many 
places there was a heavy accumulation of acute 
inflammatory. cells in. relation to the alveolar 
septa (acute alveolitis). The acute inllamma- 
tory cells frequently formed nodular aggregates 
that straddled individual septa, but also were 
commonly more diffusely distributed through 
the septa and along their margins. Scattered 
small groups of alveoli were filled with acute 
inflammatory cells, the appearance being in- 
distinguishable from that of focal broncho- 
pneumonia. 

The kidneys showed a chronic, sclerosing 
glomerulonephritis. No arteritis was present in 
any of the organs. 


Case 1I. A 60 year old man with a history of 
having had anorexia and fatigue for 6 months 
came to the Mayo Clinic in December, 1922, be- 
cause of dyspnea and hemoptysis. Physical ex- 
amination disclosed a temperature of 98° F., a 
pulse rate of 72, and a blood pressure of 110/70 
mm. of mercury. He was markedly dyspneic, 
and a few scattered rales were heard over the 
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Fic. 1. Case 1. Acute intra-alveolar hemorrhage is 
most prominent in lower part of right lung, but 
small areas of hemorrhage are also present in 
middle part of left lung. Air bronchogram is seen 
in lower part of right lung. 


lung fields. Laboratory findings were as follows: 
Grade 1 hematuria; leukocyte count 7,400 with 
normal differential count; hemoglobin 9.8 
gm.; blood urea 123 mg.; and sputum cultures 
negative for tubercle bacilli and fungi. 

A roentgenogram of the chest (Fig. 2) showed 
a diffuse opacity over the right upper and 
middle lung fields with the same density 
characteristics as those found in Case r. 

The patient continued to cough up increasing 
amounts of bright-red blood, and died in acute 
respiratory distress 10 days after admission. 

At necropsy the lungs were heavy (right 
2,400 gm., left 1,465 gm.). The cut surfaces 
showed striking hemorrhagic edema, especially 
centrally. Histologically, there was marked 
diffuse. alveolar hemorrhage, accompanied in 
some areas by moderate numbers of hemosid- 
erin-bearing macrophages. Occasional alve- 
olar septa showed nodular aggregates of poly- 
morphonuclear leukocytes straddling their 
substance and obscuring the affected segment 
of septum (acute alveolitis). Elsewhere the septa 
showed a mild thickening and hypercellularity 
in places. In many hemorrhagic areas, however, 
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l'1G. 2. Case rr. Acute intra-alveolar hemorrhage 
is present in both lungs. 


they appeared unremarkable. Scattered small 
clumps of organizing or organized exudate were 
present in the alveolar spaces. 

The kidneys showed an active, focal, necrotiz- 
ing glomerulonephritis. Acute arteritis was 
present in the kidneys and testes. 


PROGRESSIVE CLEARING 


Case 111. A 49 year old man gave a history of 
having had chest pain and progressive dyspnea 
over a period of 6 weeks. He had had a bloody 
productive cough for 8 days before his appear- 
ance at the Mayo Clinic in February, 1961. He 
presented with severe dyspnea and productive 
cough but only minimal blood-streaking of the 
sputum. 

Physical examination disclosed a temperature 
of 99° F., a blood pressure of 140/70, and rales 
throughout both lung fields. Laboratory find- 
ings were as follows: minimal microhematuria; 
leukocytes 18,200 with a marked left shift; 
hemoglobin 13.4 gm.; L. E. clot repeatedly 
negative; normal flora on routine sputum cul- 
tures; and cultures for tubercle bacilli and 
fungi negative. 

A roentgenogram of the chest (Fig. 3a) 
showed a diffuse, soft, nodular process through- 
out both lungs. 
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The patient was put on steroid therapy. His 
condition slowly improved and 3 weeks later he 
was discharged from the hospital. A roentgeno- 
gram at that time (Fig. 32) showed marked 
clearing with occasional areas of lacy haziness 
and numerous, vague, stippled densities. He 
felt well for a period of 6 weeks, then noted 
gradual onset of weakness and fatigue. He re- 
turned in profound uremia (blood urea 436 mg.) 
3 months after dismissal, but no pulmonary 
findings were present then. A roentgenogram of 
the chest showed almost no residual from the 
previous pulmonary process (Fig. 3c). He be- 
came oliguric and died 4 davs after admission. 

At necropsy the lungs were soft and crepitant 
(right 375 gm., left 300 gm.). The cut surface 
showed a slight orange-tan discoloration with 
scattered small foci of reddish-brown mottling. 
There was no evidence of fresh pulmonary 
hemorrhage. Histologically, all the sections of, 
lung showed numerous siderophages scattered 
through the alveolar spaces. In occasional small 
groups of alveoli the siderophages were con- 
centrated in clumps or were embedded in 
organizing exudate. In these areas the alveolar 
septa sometimes showed considerable thicken- 
ing, but elsewhere no significant septal thicken- 
ing was seen. Occasional small collections of 
fresh exudate were observed, and slight focal 
fresh hemorrhage was noted at one or two 
points. No acute alveolitis was present. 

The kidnevs showed an active diffuse necro- 
tizing glomerulonephritis. There was no arter- 
itis in any of the organs. 


COMMENT 


Hemosiderosis in the absence of signifi- 
cant amounts of fresh hemorrhage was also 
the predominant finding in the lungs in 6 
other cases in which there was a nodular 
roentgenographic appearance similar to 
that seen earlv in Case 111. The course in 
these 6 cases, however, was shorter, and the 
same extent of clearing did not occur prior 
to death. 

In 2 further instances in which hemosid- 
erosis was revealed, no such distinct nodu- 
laritv could be discerned on the roentgeno- 
gram, the picture being primarily that of 
vascular congestion and edema. 

The £ patients that had the appearance 
of acute parenchymal bleeding all had a 
rapid terminal course. Necropsy substan- 
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tiated the impression of the alveolar distri- 
bution of the blood. 


DISCUSSION 


It 1s evident here, as emphasized previ- 
ously, that the pulmonary lesions are quite 
distinct from those of uremic pneumonitis. 
In many of these cases, the level of blood 
urea was completely normal at the time the 
pulmonary bleeding appeared. 
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It is natural to expect, however, that in 
people dving of renal disease the cardio- 
vascular changes often associated with 
renal failure may be present. These changes 
undoubtedly would overshadow the more 
subtle ones of intra-alveolar bleeding. It is 
the isolated occurrence of the lesions of 
pulmonary bleeding, together with their 
diffuse, almost powdery density and the 
subsequent course of the shadows, that can 





Fic. 3. Case ur. Progressive clearing of intra- 
alveolar hemorrhage as seen on roentgeno- 
grams taken g days (a), 19 days (4) and 3 
months (c) after the initial episode of pul- 
monary bleeding. 
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alert the observer to the possibility of this 
condition. 

The nodular appearance portrayed on 
the roentgenograms representing the aggre- 
gation of hemosiderin-laden macrophages 1s 
not as definitive as the appearance of fresh 
hemorrhage unless the process is recurrent 
and chronic. This picture, 
widely disseminated, soft, nodular densities 
in the lungs of a patient with glomerulo- 
nephritis should suggest prior parenchy mal 
bleeding in the differential consideration. 
Either of these 2 roentgenographic patterns 
in a patient with unknown prior disease and 
a compatible clinical situation should at 
least bring about a careful renal evaluation. 

Most of the reported cases of associated 
glomerulonephritis and pulmonary hemor- 
rhage have originated from necropsv series. 
Consequentlv, this combination has uni- 
formlv carried a grave prognosis. It remains 
to be seen whether แท increased awareness 
of this condition will allow such an outlook 
to be maintained. 


SUMMARY 


Roentgenographic findings were corre- 
lated with clinical and pathologic findings 
in a group of r4 patients with severe pulmo- 
narv hemorrhage associated ue glomeru- 
lonephritis. The study showed (1) that 
diffuse powdery densities are seen on the 
roentgenogram in the early stages of active 
bleeding, reflecting the alveolar distribution 


of the blood, and (2) that with cessation of 


active bleeding and aggregation of hemo- 
siderin-laden macrophages the roentgeno- 
grams take on a nodular appearance. 


Mavo Clinic 
Rochester, Minnesota 
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ULOMATOUS 


PYELONEPHRITIS 


By NORMAN L. AVNET, M.D.,* THEOPHILUS W. ROBERTS, M.D.,f and 
HERBERT R. GOLDBERG, M.D.{ 


NEW YORK, NEW YORK 


UMEFACTIVE xanthogranulomatous 

pyelonephritis is a rare manifestation of 
renal disease representing a chronic sup- 
purative pyelonephritis with areas of the 
renal parenchyma replaced bv an inflam- 
matory granulomatous process. The recent 
opportunity to study in detail 2 patients, 
one a child and the other an adult, brought 
to our attention the difficulty of ditferenti- 
ating the condition from other common and 
better understood pathologic states of the 
kidney. 

In an article summarizing the knowledge 
about this condition in 1927, Selzer ef a." 
emphasized its close resemblance to hyper- 
nephroma. In 1916, Schlagenhaufer'? re- 
ported 5 cases of pvelonephritis in which 
the microscopic appearance resembled acti- 
nomycosis with areas surrounded by lipid 
laden foam cells remarkably similar to 
those in Case 1 in the present report. He 
described this condition as similar. to 
botryomycosis seen in domestic animals 
and suggested the name staphylomycosis. 
Putschar" in 1934 noted collections of foam 
cells surrounding abscesses in pyonephrosis. 
These foam cells superficially resembled 
hvpernephroma cells. Three additional 
cases were reported by Osterlind! in 1944, 
and he coined the name pyelonephritis 
xanthomatosa. With the addition of 7 cases 
reported by Selzer ef a/.," a total of 31 cases 
have been described in the literature. 


REPORT OF CASES 


Municipal Hospital Center because of a fever of 
unknown ongin of 3 weeks’ duration. Six 
months previously she was admitted. with a 
ruptured appendix and peritonitis. Appen- 


dectomy was performed and E. co/i was cul- 
tured from the peritoneal exudate. She was 
treated postoperatively with a regimen of 4 
days of penicillin and 11 days of chloram- 
phenicol and made a complete recovery after a 
stormy course. The patient was entirely well 
until 3 weeks prior to admission, when she be- 


range without any other symptomatology. She 
Was treated at first with appropriate doses of 
acetylsalicylic acid with no result. The fever 
pattern continued and work-up was started on 
an out-patient basis. Blood studies showed a 
hemoglobin of 10 gm. per cent and white blood 
cell counts of 9,100 to 12,700 per cu. mm., with 
normal differentials. Red blood cell morph- 
ology, platelets and reticulocyte count were 
normal. Erythrocyte sedimentation rates 
(Westergren) ranged from 80-103 mm. per 
hour. Antistreptolysin-O was 500-833 Todd 
units, C-reactive protein 3 plus, latex fixation, 
cold and febrile agglutinins, heterophile agglu- 
tination test, electrolytes and liver studies were 
all normal. Blood urea nitrogen was 22 mg. per 
roo cc. Urinalysis was negative. There was no 
growth on both urine and blood cultures. The 
purified protein derivative intermediate was 
negative, Her fever pattern continued and she 
was admitted to the in.patient service as a 
diagnostic problem. Physical examination on 
admission was within normal limits with no evi- 
dence of localizing signs. All previous studies 
were repeated with no change in the results. 
One LE prep. was normal. Electrocardiogram 
and chest roentgenograms were within normal 
limits. Numerous urine examinations revealed a 
range of o-8 white blood cells per high powered 
field on clean catch specimens. An intravenous 
pyelogram demonstrated a mass lesion in the 
upper portion of the right kidney causing ex- 
trinsic pressure upon the calyces without evi- 
dence of calyceal invasion (Fig. 1). Nephroto- 
mography demonstrated that the lack of neph- 
rographic effect in the area of the mass was 
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Case 1. Intravenous pyelogram. An intra- 


Pre: I. 
renal mass in the upper pole of the right kidney 
displaces and attenuates the infundibulum of the 
upper pole calyx. There is also distortion of the 
calyces of the middle portion of the kidney. 


consistent with a benign cystic process, a renal 
abscess or an avascular type of tumor (Fig. 2). 
Because of these findings, she underwent ex- 
ploration of the right retroperitoneal space. At 
operation a large mass was noted in the upper 
pole of the right kidney and a right nephrec- 
tomy was performed. 

The patient made an uneventful recovery 
and was discharged. After the operation her 
fever subsided and she was totally asympto- 
matic. Follow-up in the pediatric renal clinic re- 
vealed a child who was gaining weight, was afe- 
brile and asymptomatic. Laboratory tests 2 
months after discharge showed maintenance of 
hemoglobin level, a normal white blood cell 
count, an erythrocyte sedimentation rate 
(Westergren) of 7 mm. per hour, a negative C- 
reactive protein, and a blood urea nitrogen of 18 
mg. per 100 cc. The Addis count and urea clear- 
ance were within normal limits, and urinalysis 
and urine culture were normal. 
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Gross Pathology. The kidney weighed 106 gm. 
and measured 10X6X4 cm. It was slightly dis- 
torted in the upper pole where there was a 
prominent bulging of the cortex extending from 
the level of the hilus to the apex. The lesion oc- 
cupied an area 5X4X3 cm. The surface was 
irregular and the thickened capsule was torn 
overlying the lesion. In addition, there was a 
I.5 cm. abscess with a shallow cavity contain- 
ing yellow-green exudate. Elsewhere, the cap- 
sule stripped with ease. Culture of the abscess 
was sterile. Cultures of the kidney grew entero- 
coccl. 

The cut surface revealed a localized mass with 
a variegated pattern. The margin was irregular, 
but demarcated from the surrounding paren- 
chyma in the lower pole. There were several dis- 
crete nodules which were firm and yellowish- 
white. The uninvolved parenchyma was not re- 
markable. There was no communication with 
the pelvis. The renal vein, artery and ureter 
were not involved (Fig. 3). 

Microscopic Pathology. taken 
through the abscess revealed a basophilic mass 
surrounded by an exudate composed mainly of 
neutrophils. The pattern was suggestive of the 


Sections 





Fic. 2. Case 1. Nephrotomogram. There is an ab- 
sence of nephrogram effect in the mid-portion and 
upper part of the right kidney in the region of the 
mass lesion. 
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. 3. Case 1. Tumefactive xanthogranulomatous pyelonephritis localized in the upper pole. 


Note isolated nodule. 


lesion of actinomycosis, but special stains failed 
to confirm this impression. There were other 
areas in. which a granulomatous process re- 
placed much of the normal architecture. The 
lesion was a mixture of fibroblasts, foam cells, 
plasma cells and lymphocytes, with the sheets 
of foamy macrophages predominating. Adja- 
cent parenchyma contained many lymphoid col- 
lections with germinal centers. There were ex- 
tensive areas of chronic pyelonephritis with 
scarring (Fig. 5, 6 and 7). 

The changes were compatible with those de- 
scribed in pyelonephritis with xanthogranu- 
lomatous degenerative areas. 


Case rr. M. H., ล 48 year old Negro nurse, 
was admitted to the Bronx Municipal Hospital 
Center for the first time with the complaints of 
months’ duration. 
The patient was a heavy cigarette smoker for 
many years and had a history of a nonproduc- 
tive chronic cough. She was well until 3 months 
prior to admission when she developed fever up 
to 104° F. associated with chills, cough pro- 
ductive of greenish sputum, and right sided 


cough and weight loss of 3 


pleuritic pain. She was seen by her local doctor 
who treated her with a course of antibiotics for 
10 days. She continued to have low grade fever 
for the next 2 weeks and the productive cough 
persisted. In the 3 months prior to admission 
she had lost 15 to 20 pounds. Physical examina- 





Fic. 4. Case 11. Tumefactive xanthogranulomatous 
pyelonephritis. Individual nodules are prominent. 
Note the similarity to the isolated nodule in Case r. 
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parenchyma and 


ic. 6. Case 11. Tumefactive granulomata. Note the extensive replacement of renal 
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suggestive neoplastic infiltration (hematoxylin and eosin X 
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picture, Note the foam 


a suggestive neoplastic infiltration (hematoxylin and eosin X1 | 5). 


h a small nodule. Spindle cells dominate the 
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. Case 11. Section throug 
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Fic. 


cells at the periphery. There is 





Note the large number of pale staining foam 


and eosin X115). 


Fic. 6. Case 1. High magnification of edge of nodule. 


cells (hematoxylin 
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Fic. 8. Case ir. Posteroanterior roentgenogram of 
the chest taken on admission. Notice the confluent 
areas of bronchopneumonia scattered throughout 
both right and left lung fields. 


tion on admission revealed a temperature of 
104? F., pulse rate 120/min., respiratory rate 
32/ min., and blood pressure 160 systolic over 80 
diastolic. There was a Grade 3/6 harsh holosys- 
tolic murmur at the apex radiating to the left 
axillary line, and a suggestive fullness in the 
right upper quadrant with no associated pain in 
the area. Chest roentgenogram revealed a 
patchy bilateral nodular infiltration (Fig. 8). 
A complete blood cell count revealed a hemo- 
globin of 1o gm.; the white blood cell count was 
slightly elevated. Two clean catch urine speci- 
mens showed 4-6 white blood cells per high 
power field but were otherwise normal. The 
blood urea nitrogen was normal. Numerous 
urine and blood cultures revealed no growth. 
Tuberculosis, malignancy and fungus disease 
of the chest were all eliminated with appropriate 
laboratory studies. The patient responded 
favorably to a course of tetracycline therapy 
with lvsis of the fever. Intravenous pyelography 
was performed soon after admission because of 
the fullness in the right upper quadrant and the 
few white blood cells in the urine. Roentgeno- 
grams demonstrated a mass in the lower pole of 
the right kidney suggestive of renal carcinoma (Fig. 
9 and IO) and a nephrectomy was performed. 
The postoperative course was satisfactory. 
Gross Pathology. The specimen was a right 
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kidney which weighed 290 gm. and measured 
3X7X5 cm. At the lower pole the capsule was 
torn away revealing a thickened fibrous tissue 
measuring up to 1 cm. Elsewhere the capsule 
stripped with ease. The cortex had some fetal 
lobulation and occasional shallow U-shaped 
scars. In the region of the abscess, the capsule 
was markedly thickened and the underlying 
parenchyma was densely fibrotic. 
Yellowish-white rubbery nodules occurring 
singly and as conglomerate masses occupied the 
lower half of the kidnev, distorting and elevat- 
ing the calyces and infundibula (Fig. 4). The 
discrete nodular masses measured up to 3.5 cm. 
in greatest dimension. The nodules were 
slightly elevated, centrally depressed and often 
demonstrated festooning of margins. There was 
no evidence of caseation, necrosis or additional 
abscess formation. The kidney parenchyma be- 
tween the masses was fibrotic and edematous., 
Although some lesions were cortical, most were 
within the medulla or in relation to the cortico- 
medullary junction. In the upper half of the 
kidney, the calyces and pelves were slightly 
thickened and elevated but otherwise unin- 
volved by the nodular process. Examination of 
the renal vessels disclosed uniform patency. 
Microscopic Pathology. Sections revealed par- 
tial obliteration of the renal parenchyma and re- 





Fic. 9. Case 11. Intravenous pyelogram. An early 
roentgenogram of the abdomen after injection of 
contrast material demonstrated poor excretion by 
the right kidney with enlargement of the lower 
and middle portions. 
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placement by an extensive nonspecific granu- 
lomatous process. There was marked fibrosis 
with separated nodules composed of foam cells, 
fibroblasts, plasma cells and lymphocytes inter- 
mingling (Fig. 5,6 and 7). 

There was slight infiltration of the adjacent 
parenchyma. Peripheral to the granulomata, 
there was extensive active chronic pyelone- 
phritis. 

Fat stains revealed the foamy macrophages 
to be sudanophilic. Culture of the exudate re- 
vealed enterococci. The final clinical diagnosis 
was bilateral staphylococcal pneumonia and 
xanthogranulomatous pyelonephritis secondary 
to chronic enterococci infection of the kidney. 


ROENTGEN FINDINGS 


It is apparent from the 2 cases presented 
that the roentgenographic findings de- 
send entirely upon the location of the 
granulomatous process. In Case 1 the major 
part of the granulomatous process occupied 
the upper and lateral portion of the kidney 
and as such encroached upon the collecting 
structures of both the upper and middle 
calyces. It was inferred that this was a tu- 
mor-like mass in that it displaced the col- 
lecting structures rather than destroyed 
them. Because of the patient’s previous 
persistent fever, a renal abscess was sus- 
pected before operation in preference to a 
tumor of the kidney, such as a Wilms’ 
tumor. The nephrotomographic study dem- 
onstrated an area of avascularity in the 
nephrogram phase of the excretory uro- 
gram, confirming that this area was not 
vascular to any significant degree and pre- 
sumably, therefore, was less likely to be a 
tumor. Because it was irregular in its out- 
line, a cystic lesion was considered un- 
likely. If, however, the child had not been 
febrile, the diagnosis of a primary renal 
tumor would have been considered more 
likely. 

In the second patient there was a concur- 
rent history of an inflammatory process 
affecting the patient systemically. An ex- 
tensive bilateral pneumonic process was 
present and as the patient’s clinical history 
developed it became apparent that the 
process was likewise affecting the kidneys. 
On the intravenous pyelographic study, a 
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lic. 10. Case rt. Nephrotomogram reveals a mass 
occupying the lower and middle portions of the 
right kidney which is markedly enlarged, as com- 
pared to the left. On this study good visualization 
of the upper poles is obtained. The density of the 
lower right kidney is less than that of the lower 
left kidney. 


large mass was noted to be present in the 
lower portion of the right kidney. On the 
nephrotomographic study it was apparent 
also that this area was less vascular than 
the left kidney and there was fair excretion 
in the upper portion of the kidney. Again, 
without a concurrent history of infection, 
the differential diagnosis would probably 
have been some tvpe of avascular tumor or 
a cyst or cystic degeneration of the kidney. 


DISCUSSION 


The etiology of tumefactive xanthogran- 
ulomatous pyelonephritis is obscure. De- 
generating renal tissue mav lead to the 
accumulation of lipids in the reticuloendo- 
thelial or foam cells. Foam cells have been 
commonly found in the kidney in chronic 
renal infection, and therefore, renal sup- 
puration would seem to represent either a 
prime etiologic factor or a transitional stage 
in the formation of tumefactive xantho- 
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granulomatous pyelonephritis. One must 
distinguish. the condition from renal lipo- 
matosis,^ ^ which is the deposition of fats 
in the renal pelvis and peri-pyramidal areas, 
Farrow e£ af. T transition between 
the 2 entities. Selzer ef a/.* disputed this, 
claiming that the transition was not clearly 

demonstrated, but suggested, along with 
Hamm and De Veer,’ that renal lipomatosis 
could follow anv disease which caused atro- 
phy of the kidnev. Because of the associ- 
ated atrophy of the kidney, Selzer and his 
co-workers suggested that one might reason 
that renal lipomatosis could represent the 
endpointofa xanthogranulomatous process. 

Reports have appeared i in the literature 

of chronic suppurative py elonephritis simu- 
lating renal tuberculosis! and actinomyco- 
sis. The similarity on gross and micro- 
scopic examination to a hypernephroma 
has been reported.??: 5:5 Selzer et a7. docu- 
mented the case of a 66 year old woman 
who had had limited treatment for what 
appeared to be an inoperable hyperne- 
phroma of the kidnev. Both the surgical im- 
pression and the apparent pathologic con- 
firmation contributed to this diagnosis. 
When the patient returned 9 vears later, 
further microscopic study indicated that 
this lesion was a peculiar proliterative in- 
flammatory process. The urogram in our 
Case 11 and also in the patient described by 
Selzer e£ al. showed a space occupying lesion 
distorting the renal architecture and could 
not be differentiated at all from a neoplastic 
tumor by virtue of the roentgenographic 
study alone. 


SUMMARY 


Two cases of tumefactive xanthogran- 
ulomatous pyelonephritis, one mimicking a 
renal tumor and the other an unsuspected 
case of fever in a child, are presented. 

2. Attention is called to the resemblance 
of the roentgenographic appearance of this 
entitv with other more common kidney 
diseases. 

3. Case 1, a 93 year old girl, is the first 
reported instance of this condition in the 
pediatric age group. 
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AANTHOGRANULOMATOUS PYELONEPHRITIS* 


By MARVIN J. FRIEDENBERG, M.D.t and HARLAN J. SPJUT, M.D.1 


ST. LOUIS, MISSOURI 


kidney characterized pathologically by 
extensive destruction of renal parenchyma 
and the presence of granulomas, abscesses, 
myriads of lipid-laden macrophages (foam 
cells), plasma cells, and lymphocytes. The 
entity probably was first described by 
Schlagenhaufer? in 1916. Since then there 
have been occasional reports of cases of 
kidney infection or pyonephrosis with the 
typical pathologic findings. 74759 [n our 
Jnstitution during the period 1951 to 1961 
the diagnosis of xanthogranulomatous pye- 
lonephritis was made 12 times on nephrec- 
tomy specimens. The clinical, roentgeno- 
logic, and pathologic features of these 12 
cases were reviewed (Table 1).* In most 
patients the roentgenographic findings 
formed a distinctive complex which would 
be of aid in the clinical diagnosis of this 
disease entity. 


CLINICAL FEATURES 


The ages of the 12 patients ranged from 
13 to 82 years. Each decade was repre- 
sented at least once, although 8 patients 
were $0 years of age or more. Eight patients 
were Caucasian and 4 were Negro. There 


males was 2:1. In 3 of the 4 men, symptoms 
were associated at first with prostatic en- 
largement (2 carcinomas and 1 benign en- 
largement). In 2 of the 8 women, symptoms 


* Three cases (1, 2, and 4) included in this series were previously 
reported from this institution by Ghosh? who emphasized the 
pathologic findings. 


started with pregnancy, and this associa- 
tion was probable in another. Fight patients 
were known to have had antibiotic therapy 
prior to nephrectomy, treatment usually 
consisting of multiple courses of many 
different drugs. One patient had diabetes 
mellitus. The most frequent clinical symp- 
toms are listed in Table 11. Less frequent 
symptoms included frequency, urgency, 
nocturia, dysuria, hematuria, passage of 
tissue or calculus through urethra, and 
sweats, 

Physical examination showed that most 
patients had low grade fever, although it 
was high and spiking in 4. Six patients had 
huge flank and/or abdominal masses which 
were tender in 3, and 1 patient had a “ten- 
der kidney.” Six patients had costoverte- 
bral angle or left upper quadrant tender- 
ness. 

Microscopic examination of the urine 
sediment of all patients showed significant 
numbers of white blood cells, usually too 
many to count in a high power field. Seven 
patients had bacteria, 5 had casts, 5 had red 
blood cells, and 7 had at least a trace of 
albumin in their urine. Peripheral white 
blood cell counts usually were in the vicin- 
ity of 10,000 per cu. mm., ranging from 
6,400 to 16,000 per cu. mm. (and up to 
29,950 in the child). All patients had at 
least some degree of anemia with hemo- 
globins ranging from 7.0 to 12.0 gm. and 
hematocrits from 22 to 38 per cent. In the 
months prior to nephrectomy 2 patients 
had documented drops in hemoglobin of 3 
and 6 gm., respectively. Other laboratory 
tests done on most patients were normal, 
including blood calcium, phosphorus, urea 
or nonprotein nitrogen, alkaline and acid 
phosphatase, total protein and albumin- 


* Presented at the Sixty-third Annua! Meeting of the American Roentgen Ray Society, Washington, D. C., October 2-5, 1962, 

t From The Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 

1 Formerly from the Department of Surgical Pathology, Washington University School of Medicine, St. Louis, Missouri; now at 
the Department of Pathology, Baylor University School of Medicine, Texas Medical Center, Houston, Texas. 
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2 years’ duration 


9 years’ duration. 
Onset during preg- 
nancy, Antibiotic 
therapy 


4 months’ duration 


rọ years’ duration, 
Prostatic enlargement 


$ weeks’ duration, 
Antibiotic therapy 


4 months’ duration, 
Antibiotic therapy 


4 years’ duration. 
Onset during preg- 
nancy 


3i years’ duration, 
"Pyehtis" during 


pregnancy 17 years 
previously. Antibiotic 
therapy 


1i veare! duration, 
Antibiotic therapy 


4 years’ duration. 
Prostatic enlarge- 
ment. Antibiotic 
therapy 


8 years’ duration. 
Prostatic enlarge- 
ment. Antibiotic 
therapy 


6 months’ duration, 
Antibiotic therapy 


Tagg | 





Intravenous and Retrograde 
Pyelographic Findings 


Enlarged, nonfunctioning left kidney. Large 
calculus obstructing the ureteropelvic junc- 
tion, Tiny lower pole calculus 


Enlarged, nonfunctioning right kidney. Cal- 
culus obstructing the proximal right ureter 


Enlarged, nonfunctioning left kidney contain- 
ing 3 calculi, 1 of which appeared to be at the 
ureteropelvic junction (VP only) 


Large right staghorn calculus with some renal 
function, Huge, nonfunctioning left. kidney 
obliterating the left psoas shadow and displac- 
ing the left ureter to the right of midline. Cal- 
culus obstructing ureteropelvic junction 


Mass lesion in upper pole of left kidney 


ally, but detail obscured by overlying feces 
3~6-sh (retrograde): Enlarged left kidney with 
a mass in its upper pole. Nonflling of middle 
calyx. Elongation, narrowing, and distortion 
of superior calyx 


Enlarged, nonfunctioning right kidney, Renal 
pelvis distorted and irregular in outline with 
narrowing 1 cm, long in the proximal right 
ureter 


Enlarged, nonfunctioning right kidney with 
bilateral renal and right ureteral calculi. Right 
perinephric abscess with  renal-cutaneous 
fistula and pyelocahectasis 


Enlarged, nonfunctioning left kidney with 
staghorn calculus obstructing the uretero- 
pelvic junction, Gross pyelocahectasis with 
multiple Jinear calcifications extending into 
the lower pole 


Nonfunetioning right kidney with interval 
development since 1958 of several faintly 
opaque calculi, Irregular Alling of right ureter, 
pelvis, and calyceal system 


58 (IVP): Left staghorn calculus with good 
visualization of the collecting systems bi- 
laterally 


£-1-61 (retrograde): Enlarged, indistinctly 
outlined left kidney. Staghorn calculus ob- 
structing the left renal pelvis and smaller 
calculus in the lower pole 


Enlarged, nonfunctioning left kidney with de- 
formed renal calyces and attenuated infundi- 
bula, Filling defect along superior margin of 
the left renal pelvis and irregular scalloping 
of the ureter 
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Culture 


"Medium digested by 
bacteria" (urine) 


Bacillus prateus 
(urine) 


Bacillus proteus 
(nephrostomy, path- 
ology specimen) 


“Coliform organism, 
but not proteus” 
(surgical specimen) 


Bacillus proteus, 
StaphviococcHs aureus, 
Pseudomonas, and 
Candida (urine) 

E. coli (blood) 


Proteus mirabilis 
(pathologic specimen) 


6-12-93: Bacillus 
proteus (bladder) 
12-20-58: Bacillus 
proteus (urine and 
right flank) 


Since 1957 Bacillus 
proteus (urine) 
$—1-61: Bacillus 
proteus (ureter and 
pathologic specimen) 


Bacillus proteus (urine 
and bladder) 
Bacterium paracoti 
(urine) 


Jery, 1963 


Pathologic 
Specimens 
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6 ๐ ๐ gm. 
15X 10X 6 cm. 


15X IOX IO cm. 


1,270 gm. 
19X 11X8 cm. 


265 gm. 


4X EREX $ cm, 


260 gm. 
11X9X 3 cm. 


550 gm. 
16% 8X 8 cm. 


260 gm. 
16X 8X, 3.8 cm. 


600 gm. 
18X 8.6X 7 cm, 
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15X8 em. 


275 gm. 
16X 10% 8 cm. 
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MOST FREQUENT CLINICAL SYMPTOMS 


Costovertebral angle, flank, or ab. 
dominal pain 

Weakness, easy fatigability, or mal- 
aise 

Weight loss (20-40 pounds in the 
adults, 8 pounds in the child) 

Anorexia, nausea, or vomiting 


11 patients 
9 patients 


8 patients 
8 patients 


Fever 7 patients 
Chills 6 patients 


$ patients 
4 patients 


Cloudy urine 
Abdominal mass, swelling, or fullness 


globulin ratio, serology, sugar (except for 
the 1 patient with diabetes mellitus), uric 
acid, and cholesterol. 

Culture of voided or catheterized (blad- 
" der or ureteral) specimens, nephrostomy or 
retroperitoneal drainage, or resected kidney 
specimens was reported positive in 9 pa- 
tients. In 7 of these patients Bacillus pro- 
teus was cultured. In 1 a “coliform organism 
which was not proteus” was cultured, and in 
another the “medium was digested by bac- 
teria." Staphylococcus aureus, Pseudomonas, 
and Candida were cultured in the urine of 1 
patient in addition to Bacillus proteus. In 3 
patients culture of voided or catheterized 
urine specimens was positive, although cul- 
ture of the surgical-pathologic specimen 
was negative. Culture of nephrostomy 
drainage or the surgical-pathologic speci- 
men was positive in 4 patients who had 
negative voided urine cultures. From the 
records all patients did not have complete 
dede ee d investigations and, therefore, 
conclusions regarding the absence of posi- 
tive cultures might not be valid. The urine 
of most patients and their nephrectomy 
specimens, however, were investigated bac- 
teriologically for acid fast organisms and 
fungi by smear, culture, and guinea pig 
inoculation both preoperatively and post- 
operatively with no positive result ever 
being obtained. 


ROENTGENOLOGIC FINDINGS 


Abdominal roentgenograms of the pa- 
tients with xanthogranulomatous pyelo- 
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nephritis showed that 11 of the 12 involved 
kidneys were enlarged, often markedly so, 
and only 1 was within normal limits in size. 
len of the 12 kidneys were obstructed in 
the region of the ureteropelvic junction. 


The obstruction was due to roentgeno- 


graphically recognizable calculi in 8, an 
inflammatory polvp in 1, and transitional 
cell carcinoma of the renal pelvis in an- 
other. The calculi tended to be large, and in 
2 patients calculi were also present in the 
contralateral kidney. Intravenous pvelo- 
grams were obtained on g of the to patients 
with obstructed kidneys, and all showed 
complete nonfunction of the involved kid- 
ney. Ureteropelvic obstruction was proven 
by retrograde pyelogr aphy and indigo 
carmine excretion study in the tenth pa- 
tient. During retrograde py elography, 
when contrast material could be forced into 
the involved kidneys beyond the uretero- 
pelvic junction, the py elocalyceal systems 
appeared dilated and grossly distorted (Fig. 
1 through 6, inclusive). The two kidnevs 
which were เอ at their uretero- 
pelvic junctions contained no calculi. They 
functioned normally during intravenous 
pyelography, and large upper pole masses 
were demonstrated. In 2 patients the psoas 
muscle on the involved side was poorlv 
defined. 

The preoperative roentgen diagnosis in 
most patients was pyonephrosis with ure- 
teropelvic obstruction due to calculus. 


However, because of an enlarged kidnev or 


flank mass and the frequent clinical findings 
of low grade fever, anemia, and weight loss, 
the presence of renal neoplasm or tubercu- 
losis was diagnosed clinically and roent- 
genographically in many patients or promi- 
nently considered in the differential diag- 
nosis. 
PROGNOSIS 

Follow-up data are available on 10 pa- 
tients. Six were asymptomatic for 3 
months, 16 months, 3 years, § years, 7 
vears, and 11 vears, respectively, after their 
nephrectomies. Two patients continued to 
have clinical and laboratory evidence of 


IOO Marvin J. Friedenberg and Harlan J. Spjut Juiv, 1963 
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CE 


Pi i1 ase I. (4) Ten minute intravenous pyelogram. (5) Left retrograde pyelogram. There is an enlarged, 
nonfunctioning left kidney with a large calculus obstructing the ureteropelvic junction and a small lower 


pole calculus. The lower pole is outlined in 4 by residual barium in the colon following previous barium 
enema study. Arrows indicate renal outlines. 





Á 





Fic. 3. Case 7. (4) Ten minute intravenous pyelogram. (B) Right retrograde pyelogram. There is an en- 
larged, nonfunctioning right kidney. In 4 white arrows indicate its lateral and inferior margins. The right 
renal pelvis is distorted. The filling defect (black arrow in B) in the proximal right ureter was proven 
pathologically to be an inflammatory polyp. 


i 


Fic. 2. Case 2. (4) Fifteen minute intravenous pyelogram. (B) Right retrograde pyelogram. There is an 
enlarged, nonfunctioning right kidney with a calculus (black arrow) obstructing the ureteropelvic junction. 
In 4 white arrows indicate lateral margins of right kidney. In B two air bubbles are present in the proximal 
right ureter. 


102 Marvin J. Friedenberg and Harlan J. Spjut โย บ ท, 1963 
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Fic. 4. Case 8. Ten days previously a right perinephric abscess was incised and drained. (4) Roentgenogram 
of abdomen with a right ureteral catheter in place. Arrows point to multiple bilateral renal and right 
ureteral calculi. There is a large calcified fibroid overlying the sacrum. (B) Roentgenogram made immedi- 
ately following withdrawal of the catheter during retrograde pyelography showing right pyelocaliectasis 
with many irregular filling defects in the pyelocalyceal system. Air is present in a renal-cutaneous fistula 
(arrow with X). A right nephrectomy was then performed. (C) Left retrograde pyelogram 10 months later 
showing left renal lithiasis with a faintly opaque calculus (arrows) obstructing the ureteropelvic junction. 
(D) Pyelogram via a nephrostomy tube after removal of the ureteropelvic junction calculus showing dilata- 
tion and marked distortion of the left renal pelvis and calyces. 


urinary tract infection with pyelonephritis 
involving the opposite kidney for at least 2 
and 10 years, respectively, after their neph- 
rectomies. Another patient had many hos- 
pital admissions for chronic pyelonephritis 
involving the contralateral kidney with 
๑ ureteropvelocaliectasis and renal lithiasis, 
including a staghorn calculus obstructing 
the ureteropelvic junction. She required a 
nephrostomy because of this, and her 


course was complicated twice by acute 
anuria and once by coma. When last seen 4 
years after nephrectomy, she had chronic 
renal failure with uremia and secondary 
anemia. One patient with prostatic enlarge- 
ment died in the emergency room of an- 
other hospital at the age of 77. He had a 
history of chronic urinary tract symptoms 
during the § years between nephrectomy 
and death. 





Kic. 5. Case 10. (4) Ten minute intravenous pyelogram. (B) Right retrograde pyelogram. There is a non- 
functioning right kidney containing several faintly opaque calculi (arrows in 4) with marked distortion 
and irregular filling of the calyces, pelvis, and ureter (in B). 


IOA 
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FiG. 6. Case 11. (4) Plain roentgenogram of abdomen showing a large staghorn calculus in the left kidney. 
Arrows indicate the left renal margin. There was good visualization of the collecting system bilaterally 
during intravenous pyelography. (5) Left retrograde pyelogram 3 years later. The left kidney has increased 
markedly in size. Arrows indicate the renal outline. The ureteropelvic junction is obstructed by the stag- 
horn calculus which appears to have fragmented. The dense calculus located previously in the lower pole 
calyx is farther removed from the renal pelvis at this time, consistent with the interval development of 
marked pyonephrosis. 


PATHOLOGY 


All kidneys but 1 were larger than normal 
and ranged in weight from 120 gm. to 1,27 
gm. Grossly, the capsules and perirenal fat 
were adherent to the kidneys. The calvces 
and pelvis of each kidney, except for the 
child’s, were moderately to severely dilated 
and contained purulent fluid. They fre- 
quently were outlined by a rim of yellowish 
tissue. The pelvic surfaces were eroded and 
covered by exudate. Normal renal markings 
generally were absent, and the parenchyma 
was compressed and fibrous. All kidneys 
displayed yellowish nodules (Fig. 7) and 
abscesses in all portions, except for localiza- 
tion of these changes to the upper pole and 
hilus of the child’s kidney. At the time of 
pathologic examination, 4 of the kidneys 


had stones in the pelvis or at the uretero- 
pelvic junction. 

Histologically, all of the kidneys wer 
involved by severe acute and chronic pyelo- 
nephritis. Only in the child’s kidney was 
there any normal-appearing parenchyma. 
The outstanding microscopic feature of 
each specimen was the xanthogranuloma- 
tous reaction that was present in nodules, 
confluent masses, or in bands outlining the 
calvces. Foamy macrophages that stained 
positive for lipids were the major cell of 
this reaction (Fig. 85). Occasionallv, gran- 
ulomas with multinucleated giant cells were 
focal calcification, and 
cholesterol silts were common (Fig. 84). In 
the chronically inflamed portions and xan- 
thogranulomatous areas, the infiltrate con- 


seen. Abscesses, 
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sisted of plasma cells and lymphocytes. Pus 
frequently covered the pelvic and calvceal 
surfaces. Macrophages were present in the 
perirenal fat of 4 of the kidnevs. 


DISCUSSION 


Four possible factors are suggested in the 
etiology and pathogenesis of xanthogranu- 
lomatous pyelonephritis: (1) an abnormal- 
ity in lipid metabolism, (2) previous ineffec- 
tive antibiotic therapy fora relatively benign 
urinary tract infection, (3) a specific offend- 
ing infectious agent, and (4) obstruction of 
the urinary tract at some level. There is no 
evidence that hypercholesterolemia, hyper- 
lipemia, or diabetes mellitus is associated 
with the xanthogranulomatous tvpe of 
pathologic reaction, and the presence of a 
*subtle disturbance in lipid metabolism in 
patients with xanthogranulomatous pyelo- 
nephritis has not been shown. 

Of the 8 patients known to have received 
antibiotic therapy before nephrectomy, 
culture showed Bacillus proteus in £, a coli- 
form organism which was not proteus in 1, 
and was done only for acid fast bacilli and 
fungi in 2. The organism cultured at the 
time of nephrectomy may have been either 
the true pathogen which was resistant to 
the antibiotic therapy or only the apparent 
offender, the antibiotics previously having 
suppressed infection by a more sensitive 
primary pathogen. Since xanthogranuloma- 
tous pyelonephritis was described long 
before the advent of the antibiotic era, it is 
unlikely that preceding ineffective antibio- 
tic therapy is entirely responsible for the 
development of this disease. 

No single infectious agent has yet been 
identified as being the etiologic agent com- 
mon to all cases. Because of the presence 
histologically of granulomas and multinu- 
cleated giant cells, the mistaken diagnosis 
of a specific granulomatous pyelonephritis 
has occasionally been made. When xantho- 
granulomatous pyelonephritis was first 
reported,’ its histologic appearance was 
described as resembling that of actinomyo- 
cosis, although Staphylococcus pyogenes 
aureus actually was found to be the offend- 
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Fic. 7. Case 4. Photograph of bisected kidney which 
was enlarged, weighing 1,270 gm. There is marked 
dilatation and distortion of the pelvis and calyces. 


The parenchyma contains convoluted 
of xanthogranulomatous tissue. W. U. 
f 54-4708. 


masses 


Illus. 


ing agent. Since then the pathologic appear- 
ance of the process has repeatedly stimu- 
lated the search for an acid fast organism or 
fungus as the etiologic agent. None was 
ever proven to be present by others and, 
although carefully sought in this series, 
none was ever found. Bacillus proteus, how- 
ever, was cultured in 7 of the 12 cases in 
this series and appears to be the likeliest 
offender. It is capable of producing infec- 
tion with a xanthomatous type of reaction® 
and may be particularly virulent in the 
urinary tract? 

The xanthogranulomatous pathologic 
change typically occurs in an area of infec- 
tion distal to an obstruction. It is not spe- 
cific for any organ and frequently occurs in 
the lung, where it is known as cholesterol 
pneumonia.”!!:!3 There was obstruction at 
the ureteropelvic junction in 10 of the 12 
cases reported in this series. Although ob- 
struction is the factor common to most 
cases, there is no definite proof that it is 
primarily responsible for the development 
of xanthogranulomatous pyelonephritis, 
since infection may have caused the devel- 
opment of calculi which subsequently ob- 
structed the kidney at the ureteropelvic 
junction. 

Although analysis of the 12 cases in this 


[๐ 6 Marvin J. Friedenberg and Harlan J. Spjut ไย ย ห , 1963 
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series shows that no one factor can be impli- 


cated with certaintv as the sole cause of 


xanthogranulomatous pyelonephritis, it ap- 
pears that ureteropelvic obstruction is the 
most likely etiologic mechanism. The fre- 
quent association of pregnancy or prostatic 
enlargement with the onset of this disease 
further testifies to the significance of uri- 
nary obstruction in its pathogenesis. The 2 

patients in the series without ureteropelvic 
obstruction had localized upper pole renal 
abscesses, and the possibility of pre-existing 
congenital or acquired obstruction of the 
corresponding infundibula cannot be de- 
nied. Contributory factors to the develop- 
ment of xanthogranulomatous pyeloneph- 
rtis appear to be infection with Bacillus 
proteus and possibly previous antibiotic 
therapy. 

The roentgenographic findings in 10 of 
the 12 patients in this series formed a dis- 
tinctive complex. The involved kidnevs 
were enlarged, obstructed at their uretero- 
pelvic junctions (bv calculi in 8), and failed 
to function during intravenous pvelogra- 
phy. When contrast material could be 
forced beyond the obstruction during retro- 
grade pyelography, the pyelocalyceal svs- 
tems were dilated and grossly deformed. 
The kidnevs of the other 2 patients showed 
large upper pole masses. These findings in a 
patient with chronic urinary tract infection 
should suggest the diagnosis of xanthogran- 
ulomatous py elonephri tis, particularly 
when Bactllus proteus is caltüred in the 
urine. 


SUMMARY 
The clinical, roentgenographic, and 
pathologic findings in 12 patients with 
xanthogranulomatous py elonephritis are 
presented. Clinically, the disease is char- 
acterized by long-standing svmptoms and 
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laboratory evidence of urinarv tract infec- 
tion, often precipitated by pregnancy or 
prostatic enlargement and often associated 
with multiple courses of ineffective anti- 
biotic therapy. Roentgen examinations 
typically show an enlarged, nonfunctioning 
kidney which is obstructed at the uretero- 
pelvic junction, most often by a large cal- 
culus. Urinary tract obstruction is the most 
Important pathogenetic factor, and culture 
most often shows Bacillus proteus. The 
clinical and roentgenographic findings may 
suggest renal or ureteral neoplasm, and the 
pathologic changes superficially simulate 
tuberculosis or infection by one of the fungi. 
All patients in this series required nephrec- 
tomies. Persistent urinary tract infection 
postoperatively with involvement of the 
opposite kidney may endanger the patient’s 
life. 


Marvin J. Friedenberg, M.D. 


The Edward Mallinckrodt 


Institute of Radiology 
§10 South Kingshighway 
St. Louis 10, Missouri 
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HYDRONEPHROSIS DUE TO ABERRANT BLOOD 
VESSELS VERSUS COMMUNICATING 


THEIR ROENTGENOGRAPHIC DIAGNOSIS* 


By AURELIO C. USON, M.D., MEYER M. MELICOW, M.D., and GERHART S. SCHWARZ, M.D.1 


NEW YORK, NEW YORK 


OTH hydronephrosis and renal cysts 

are frequently encountered during 
routine urographic evaluation of urologic 
patients. However, the kind of hydroneph- 
rosis which is found associated with aber- 
rant blood vessels and the type of cysts 
communicating with the renal pelvis are 
rare examples of what is meant by or in- 
cluded under the broader terms of hvdro- 
enephrosis and renal cyst in general. Since 
these two conditions are infrequent and-— 
at times—mavy exhibit a superficial similar- 
ity on pvelograms, they are apt to pose a 
diagnostic problem particularly from the 
roentgenologic standpoint. 


PYELOGRAPHIC FINDINGS 


This report will be limited to the presen- 
tation of several pyelographic examples 
illustrating the diagnostic features of both 
conditions: Z.e., (A) Aydronephrosis due to or 
associated with aberrant blood vessels and (B) 
communicating peri- and parapelvic cysts. 

While there is no single conclusive or 
pathognomonic roentgen sign for either 
condition, there are certain findings which 
suggest the presence of one or the other 
entity, and make possible, in most in- 
stances, the differentiation between the two 
from routine pyelograms. 


HYDRONEPHROSIS DUE TO ABERRANT BLOOD VESSELS 


In hydronephrosis due to aberrant blood 
vessels (in the following also referred to as 
“vasogenic pelviectasis”), the following 
findings are apt to be present on intra- 
venous and retrograde pvelograms: 

1. Delayed excretion of the contrast 
medium on the affected side, and slowly 


progressing opacification of the renal caly- 
ces which appear dilated, “clubbed” or as 
dense "balls" after they have filled with 
contrast material (Fig. 1). 

renal pelvis which appears usually spherical 
in shape and bulges anteriorly over and 
beyond the kidney contour. It thus super- 
imposes upon and overlaps the lower half of 
the renal silhouette to varying degrees (lig. 
2); 

3. On the delayed roentgenogram the 
pelvis "balloons out" to an even larger 
sphere and again is seen to overlie the renal 
shadow and the dilated calyces (Fig. 3). 

4. On the retrograde pvelogram, the 
indwelling ureteral catheter is seen to devi- 
ate laterally, away from the patient's spine, 
as it enters the pelvis of the affected kidney 
(Fig. 4). At times, particularly when hydro- 
nephrosis is advanced, the ureteral catheter 
cannot enter the pelvis, due to the extrinsic 
pressure and deviation caused by the adja- 
cent aberrant vessel. When contrast me- 
dium is injected into the catheter a sharp 
"cut off" of the opaque column is usually 
seen at this point, with little or no material 
entering the pelvis. 

g. On pvelograms the ureteropelvic junc- 
tion rarely can be recognized because 1t lies 
above and behind the lower edge of the 
dilated renal pelvis and is therefore ob- 
scured bv contrast material within. the 
dilated pelvis. 

6. In the oblique view the pelvis is seen 
to bulge anteriorly while the ureter takes a 
backward and outward course behind the 
lower edge of the pelvis. 

7. On a roentgenogram taken with the 
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Fic. 1. Patient E.W., P.H. 732656. Twenty minute 
intravenous pyelogram of a 40 year old female in 
her eighth week of pregnancy, admitted in 1944 
because of left flank mass discovered incidentally 
by her obstetrician. There were no concomitant 
urinary tract symptoms. Urinalysis was essentially 
negative. This roentgenogram shows delayed ex- 
cretion of the contrast medium which appears 
within the dilated calyces as dense "balls" of white 
material. 


patient in prone position, the dilated renal 
pelvis usually appears more spherical than 
on one taken in the supine (decubitus) 
position. 

8. Hunter's sign, 7.e., the straightening 
of the medial edge of the renal pelvis due to 
the psoas muscle impression, often seen in 
other types of hydronephrosis, is very 
rarely present here. 

COMMUNICATING PERI- AND PARAPELVIC CYSTS 

The roentgenographic diagnosis of peri- 
or parapelvic cysts—-when they are "un- 
broken" or "intact" — does not pose a 
great problem. Such cysts appear on the 
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intravenous or retrograde pyelograms as 
space-occupving lesions and are not consid- 
ered in this report. The roentgenographic 
appearance of such lesions differs in no way 
trom other mass lesions in the peripelvic 
region, such as neoplasms, abscesses or 
granulomas. However, when the wall of a 
large peri- or parapelvic simple (unilocu- 
lar) cyst is broken, a communication with 
the collecting svstem is established and an 
entirely different roentgenographic picture 
results. If the communication occurs 
through a calvx, a diverticulum-like struc- 
ture within the kidnev substance, which 
will not pose any major diagnostic pro'- 
lem, 1s outlined by the contrast material. If 
the communication extends through the 
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Fic. 2. Sixty minute delayed roentgenogram of 
same pyelographic study shown in Figure 1. Note 
the spherical shape of the dilated pelvis which 
overlaps the lower half of the kidney. Urine in 
distended renal pelvis has now mixed with ex- 
creted contrast material. Hydronephrosis due to 
aberrant blood vessel confirmed at operation. 
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wall of the renal pelvis, however, it mav be 
difficult to distinguish such a lesion from 
the above described hydronephrosis of the 
renal pelvis due to aberrant blood vessels. 
Nevertheless, even in a diagnostically diffi- 
cult case, one or more of the following 
pyelographic signs may be found which 
favor the presence of a collapsed, “๑ ๐ ท า - 
municating" or "marsupialized" cyst over 
that of vasogenic pelviectasis: 

1. Delayed excretion of the contrast 
medium or caliectasis is usually absent. If 
there is any delayed filling of the pelvis or 
the calyces it is apt to be of a lesser degree 
than that seen in hydronephrosis. 

2. The pvelographic “hallmark” of peri- 





Fic. 3. Patient A.K., P.H. 224450. Thirty minute 
delayed roentgenogram in the prone position after 
right retrograde pyelography of a 42 year old fe- 
male admitted 1 ท 1955 because of recurrent epi- 
sodes of right flank pain and occasional episodes of 
dysuria, nocturia and frequency in the past. 
Urinalysis was within normal limits. The typical 
spherical shape of the pelvis overlying the kidney 
shadow is demonstrated. 


Hydronephrosis 





FIG. 4. Same patient as shown in Figure 3. Right 
retrograde pyelogram taken in the more conven- 
tional supine projection demonstrates the spherical 
appearance of the renal pelvis. Note the outward 
deviation of the inserted ureteral catheter as it 
enters the renal pelvis. Hydronephrosis due to 
aberrant blood vessel confirmed at operation. 


and parapelvic cysts communicating with 
the pelvis is the presence of a "round cav- 
ity" or "large diverticulum” arising from 
the renal hilus, adjacent to the pelvic wall, 
but expanding within the renal parenchyma 
(Fig. 5.7). This cavity or diverticulum will 
opacity slowly but progressively on succes- 
sive pyelograms, while the filling of the 
calvces and pelvis occurs earlier and re- 
mains intense throughout the examination. 
On the pvelogram taken in frontal projec- 
tion, the “communicating cyst" may over- 
lap the contour of the renal pelvis. A non- 
distended renal pelvis may still be partially 
seen through the shadow of the cyst and the 
calvces, and though distorted in some cases, 
will not appear dilated (Fig. 58). If a com- 
municating cyst lies in close proximity to à 
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lic. 6. (4) Left retrograde pyelogram of the same patient shown in Figure 5/7. The renal pelvis and the 
adjacent peripelvic communicating cyst appear well filled with contrast material. (B) Roentgenogram 
taken 10 minutes after removal of ureteral catheter (so-called "trapping film") shows some emptying of 
the peripelvic cyst. A wide communication with the pelvis is suggested. (Patient was not operated upon.) 
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Fic. 5.(/7) Patient R.C., P.H. 1276461. Twenty-five minute intravenous pyelogram of a 33 year old man 
admitted in 1959 with the chief complaint of gross, painless hematuria, which had dev eloped spontaneously 
and lasted for several days. The hematuria was not accompanied by flank pain, fever, urinary frequency or 

dysuria. Physical examination was within normal limits, except for a mild labile hypertension. A urinalysis 
showed 24- albumin, many red blood cells and a few white blood cells. A round cavity filled with contrast 
material and lying adjacent to a morphologically normal pelvis is shown. (B) Patient I.B., P.H. 106473. 
Fifteen minute intravenous pyelogram of a 66 year old female admitted in 1952 because of left loin pain of 4 
days' duration. This patient was known to be a chronic diabetic with fasting sugar levels higher than 
250 mg. per 100 cc. of blood. She had 17,000 white blood cells per ml. of blood. The pyelogram shows a 
well filled renal pelvis with elongation of one of the calyces and medial deviation of the ureter. In addition, 
some contrast material has collected within a cavity Just below the renal pelvis. This was found to be a 
communicating peripelvic cyst partly filled with contrast material (operatively confirmed). 














calvx, part or all of this calvx may be ob- SUMMARY AND CONCLUSIONS 
scured (Fig. 54). 

If size, location and degree of com- 
emunication of the cyst are favorable, such a 
"communicating cvst" will retain. some 
contrast medium after the pvelocaliceal 
system has emptied (Fig. 6, 4 and B). 

4. In the lateral and oblique projections 
an actual connection between the commu- 
nicating cyst and pelvis, calvces or kidney 
parenchyma may be demonstrated. 

5. As a rule the upper segment of the 
ureter, at the ureteropelvic junction, is of 
displaced by a communicating peripelvic 
cyst as 1s the case in vasogenic pelviectasis 
(Fig. 7). 

Itis conceivable that bv a curious coinci- 
dence, a hydronephrosis due to an aberrant 
blood vessel and a communicating peri- or 
parapelvic cyst might be present in the 
same kidney. However, we have not seen 
such a case to date, nor have we found one 
described in the medical literature. We 
have seen 2 cases in which a large parapel- 
vic cyst was responsible for an obstruction 
at the ureteropelvic junction, producing a 
pvelogr aphic picture similar to that seen in 
vasogenic pelviectasis except for the addi- 


Large communicating peri- or parapelvic 
cvsts and hvdronephrosis caused by aber- 
rant blood vessels at the ureteropelvic junc- 





Fic. 7. Patient T.P., P.H. 533529. Left retrograde 


pyelogram of a 44 year old man admitted เท 1957 


tional simultaneous presence of a rounded because of left flank pain and recurrent hematuria 
impression caused bv a space-occupving of 1 month's duration. His blood pressure was 
lesion adjacent to the renal pelvis (Fig. 8, 4 normal and urinalysis showed 1-- albumin and 


and B). There was no communication be- many red blood cells. The roentgenogram shows 
the renal pelvis and adjacent peripelvic com- 


tween the cyst and the pelvis in either on de : 
i ut eha r " municating cyst well filled with contrast material. 


of these two patients although such com- There is some distortion of the adjacent calyces. 
munication does occur. Communicating cyst confirmed by operation. 
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Fic. 8. (4) Patient L.S., P.H. 988828. Left retrograde pyelogram of a $4 year old female admitted in 1950 
with a chief complaint of recurrent left flank pain. She complained of a 20 pound weight loss in I year, and 
of sudden diplopia. Her first attack of flank pain appeared 1 month prior to admission and was sharp in 
character. There was no dysuria, urinary frequency, or fever. The patient experienced 3 other episodes of 
flank pain thereafter before she was admitted. Urinalysis disclosed white blood cells and bacteria. The 
roentgenogram reveals a lateral deviation of the catheter with upward displacement of the pelvis. The 
latter appears dilated, and the lower calyx is elongated. All these changes were produced by a hilar (para- 
pelvic) expanding mass, which upon exploration was found to be a parapelvic cyst. (7) A five minute de- 
layed roentgenogram after withdrawal of the ureteral catherer demonstrates that there is no obstruction at 
the ureteropelvic junction, as is usually the case in hydronephrosis due to aberrant blood vessels. 


tion (vasogenic pelviectasis) are two differ- 
ent pathologic entities which can be distin- 
guished from each other by intravenous or 
retrograde pyelography. In hvdronephrosis 
of this type, ectatic opacified calyces are 
seen at first through a distended but less 
opacified bulging renal pelvis. It 1s usually 
spherical in shape and overlies the lower 
half of the kidney. It opacifies more slowly 
than the former, because of dilution of the 
excreted medium by urine alreadv present 
within it. The proximal ureter deviates 


laterally at the ureteropelvic Junction. In 
contradistinction, the  roentgenographic 
"hallmark" of a communicating peri- or 
parapelvic cyst is rapid opacification of the 
renal calvces and of an essentially normal 
renal pelvis. Adjacent to, or superimposed 
upon the latter, a diverticular structure of 
varying size, which fills slowly with con- 
trast material, is seen. 
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AN EVALUATION OF NEPHROTOMOGRAPHY IN 
UROLOGIC DIAGNOSIS* 
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Section of Ur ology; and JOHN L. EMMETT, M.D., Section of Urolog 
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| SSIVE improvement in roent- 
genographic techniques since the intro- 
duction of retrograde pvelography approxi- 
mately 56 years ago has permitted the 
development of a high degree of proficiency 
in roentgenologic diagnosis of urologic 
disease. Indeed, few disciplines in medicine 
can claim a higher degree of diagnostic 
accuracy. Nevertheless, definitive diagnosis 
. by excretory urography and retrograde 
pyelography is limited to those lesions 
which produce characteristic derangement 
of the renal collecting svstem; the differen- 
tial diagnosis of lesions of the renal paren- 
chyma and more specifically of “mass” or 
"space-occupying" lesions has, in general, 
remained outside the domain of these con- 
ventional urographic methods. The devel- 
opment of intravenous nephrotomographv 
by Evans and associates*? has provided a 
practical, safe, and reliable method for 
visualizing the renal parenchyma and has 
thereby increased our diagnostic potential. 
Nephrotomography is basically a form of 
intravenous renal angiography combined 
with body section roentgenographv for 
filming of the kidney during the period of 
renal parenchymal opacification (the neph- 
rographic phase). By a nicety of timing, one 
can obtain roentgenographic delineation, of 
not only the renal parenchyma (in both the 
arterial and nephrographic phases) but also 
of the renal pelvis and calyces and, in many 
instances, of the abdominal aorta and main 
renal arteries as well. The tomograms per- 
mit unobstructed visualization of multiple 
planes through the opacified kidney. 
During the past 2 years we have em- 
ployed nephrotomography in a study of 330 
patients and are convinced that it is a valu- 


able adjunct in diagnosis which has not 
received the widespread acceptance it 
rightfully deserves. Only one large series 
B ij ' "Dioneer 

: ^ has 
been ported. * p chief “ SE uf this 
presentation are to describe our experiences 
and to express our satisfaction with this 
procedure. 


MATERIAL AND METHODS 


This report summarizes our experience 
with 336 consecutive nephrotomographic 
studies carried out on 330 patients; 4 pa- 
tients were examined twice and 1 patient 
three times. (Contemplated nephrotomog- 
raphy was abandoned in only 3 patients 
because of our inability to perform veni- 
puncture.) The youngest patient was ร 
years old and the oldest 86; most patients, 
however, were in their fifth to eighth dec- 
ades. 

Indications. Nephrotomography was em- 
ploved when we could not make a diagnosis 
by excretory urography and retrograde 
pyelography. It was used most frequently 
(in more than half of the cases) to differen- 
tiate cysts from neoplasms. In 19 cases, we 
sought tumors of the adrenal gland. 

Technique. The technique which we 
emploved was essentially that described bv 
Chynn and Evans: (1) Scout films of the 
renal area were obtained to check roent- 
genographic technique, positioning, and 
tomographic levels. (2) A 12 gauge angio- 
graphic needle was inserted percutaneously 
into an antecubital vein. (3) The arm-to- 
tongue circulation time was determined by 
injection of a 20 per cent solution of sodium 
dehvdrocholate (decholin). (4) A "loading 
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dose" of 30 ml. of so per cent sodium dia- 
trizoate (hvpaque) sodium was injected to 
intensifv the nephrographic effect and to 
opacify the renal collecting svstem. (4) 
Then 50 ml. of go per cent hypaque-M 
(sodium diatrizoate with diatrizoate meth- 
vlglucamine) was injected rapidly (within 
1.5 to 3 seconds). (6) An exposure was made 
at a time corresponding to the predeter- 
mined circulation time to demonstrate the 
renal arteries. Immediately thereafter, sin. 
gle tomograms were taken to demonstrate 
levels 1 cm. apart through the entire thick- 
ness of the opacified kidnev. (7) Films were 
processed and inspected at once to enable 
us to repeat the injection and filming im- 
mediately 1f necessary. 

For filming the arterial phase, in contrast 
to the procedure of Chynn and Evans, we 
used tomography and a multileaf cassette 
containing 3 to 7 films spaced 1 cm. apart. 
A single exposuse with this device demon- 
strated the renal vessels vet eliminated the 
confusing mesenteric arterial shadows 
which frequently interfere with interpreta- 
tion of the single conventional roentgeno- 
gram of the arterial phase. 

Fast film and high-speed intensification 
screens were used to prevent overheating of 
the roentgenographic tube while making 
multiple exposures at a rapid rate. A go per 
cent solution of hypaque-M remains the 
medium of choice for this examination 
because of its low toxicity and high radio- 
density. 


RESULTS 


A nephrotomographic diagnosis of renal 
Cyst or cysts was made in 147 cases and of 
renal neoplasia in 38 cases. In 27 cases, 
diagnoses were made of a wide varietv of 
renal disease; and, in 20 cases, no definite 
roentgenographic diagnosis was made. Kid- 
neys of 79 patients proved to be roentgeno- 
graphically normal. Because nephrotomog- 
raphy was undertaken in more than half the 
cases to distinguish cysts from neoplasms, 
It seems advisable to describe their nephro- 
tomographic differential diagnosis. —— 

Differential Diagnosis of Cysts and Neo- 
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plasms. Roentgenographic features of a 
typical cyst are illustrated in Figure 1, a, 6 
and c. During the arterial phase, vessels are 
seen to approach but not to enter the mass, 
and no opacification is seen within the 
mass. During the nephrographic phase, the 
cvst 1s radiolucent and homogeneous 
throughout. The cyst wall is thin and well 
defined. A sharp line of demarcation sepa- 
rates the lucent cyst from the adjacent 
opacified renal parenchyma and an acute, 
crescentic angle is formed by the renal 
cortex at its junction with the cyst wall. 

In contrast to the radiolucent cyst, renal 
carcinoma is opacified by the injected con- 
trast medium (Fig. 2, a and 2). With good 
vascular opacification numerous abnormal 
"tumor-tvpe" vessels can be demonstrated. 
These are pathognomonic of neoplasm. 
Often, however, the vessels are not well 
seen, and the diagnosis rests on irregular 
opacification and puddling of medium 
within the lesion. In contrast to a cyst, 
carcinoma usually has a somewhat irregular 
outline and its shadow often blends with 
the adjacent renal parenchyma without 
forming a sharply defined margin. Irregular 
radiolucent areas resulting from necrosis 
may be present within the tumor. These are 
easily ditferentiated from cysts which have 
a well-circumscribed radiolucency. In rare 
instances infarction of the tumor mass can 
produce a lesion which superficially ap- 
pears to be a cvst, but close scrutiny of the 
wall almost always will reveal thickened 
areas of opacified, viable tumor which make 
a correct diagnosis possible (lig. 3, a and 
b). 

Renal Cysts. A nephrotomographic diag- 
nosis of cyst, including polycystic disease, 
was made in 147 patients. Nine of these 
subsequently came to operation. The diag- 
nosis of cyst was confirmed in 7 and adeno- 
carcinoma was found in 2. Aspiration cor- 
roborated the diagnosis of cvst in 2 cases, 
and in to others urologic investigation 
repeated at intervals of 6 to 12 months 
demonstrated no change in the appearance 
of the lesion. In the remaining 126 cases the 
diagnosis of renal cyst was made and ac- 






cepted without operative proof or aspira- 
tion. 

The 2 cases which proved at operation to 
have adenocarcinoma were of special inter- 
est. In the first case (Fig. 3, a and 4), a large 
mass arose from the upper pole of the right 
kidney. This lesion had the roentgeno- 
graphic characteristics of a large cyst ex- 
cept that in some areas the wall was un- 
usually thick and slightly irregular. At 
operation it proved to be a large, cvst-like 
mass of infarcted adenocarcinoma with 
only a thin rim of viable tumor remaining 
in some areas of the wall (Fig. 3c). (A sub- 
sequent similar case in the series was diag- 
nosed correctly.) In the second case, al- 
though nephrotomography demonstrated 


Fic. 1. Typical simple cyst. (2) Excretory 
urogram shows mass in right kidney. (4) 
Arterial phase of nephrotomogram shows no 
abnormal vessels or opacification of the 
mass. (c) Nephrographic phase shows mass 
to be homogeneously lucent, thin walled, 
and sharply demarcated from adjacent renal 
cortex. 


multiple bilateral simple cysts, the patient's 
symptoms prompted us to recommend 
renal exploration. At operation elsewhere 
multiple cysts were identified in the right 
kidney. Four months later, necropsy re- 
vealed renal adenocarcinoma in addition to 
the multiple cvsts. 

Tumors. In 38 cases a nephrotomo- 
graphic diagnosis of renal tumor was made. 
At operation, the roentgenographic diag- 
nosis of carcinoma was confirmed in 23 
cases and of angiolipoleiomyoma in 1. Ten 
patients whose nephrotomograms were 
typical of carcinoma did not undergo opera- 
tion for the following reasons: t, because of 
poor physical condition and advanced age 
(86 years); 5, because of multiple pulmo- 
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nary or bone metastases; and 4, because the 
tumor involved the kidnev remaining after 
a previous nephrectomy for carcinoma. 
Four erroneous roentgenographic diag- 
noses of carcinoma were made in patients 
who proved at operation to have solitary 
simple cvsts. In each of these the renal 
vasculature was poorly demonstrated and 
the nephrotomogram suggested irregular 
opacification of the mass (Fig. 4, a and ô). 
Normal | Findings. | Nephrotomograms 
were normal for 79 patients, most of whom 
were studied conventional uro- 
grams suggested the presence of an intra- 


renal mass. Congenital variations in renal 


because 
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shape, including bulging of the midportion 
of the left kidnev? (Fig. 5, a and 2) and fetal 
lobulation, were responsible for the sugges- 
tion of intrarenal masses 1 ท most instances. 
In other patients with normal kidnevs, 
nephrotomograms were made because con- 
ventional roentgenograms were indetermi- 
nate or technically unsatisfactorv. At oper- 
ation, the surgeon confirmed the diagnosis 
of normal kidnev in 7 cases. There were no 
known errors in this group. 
Nineteen 


Adrenal Lesions. patients 


thought to have lesions of the adrenal gland 
were examined by nephrotomography. A 
diagnosis of adrenal tumor was made in 4 


lic. 2. Typical carcinoma. (a) Arterial phase 
of nephrotomogram shows small “tumor- 
type" vessels within mass in right kidney. 
(b) Nephrographic phase shows irregular 
opacification of tumor. (c) Gross specimen. 
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Nephrotomography in Urologic Diagnosis 
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cases and confirmed at operation; 2 of these 
tumors were functioning adrenal adenomas 
(Fig. 6), 1 a pheochromocytoma, and 1 a 
recurrent adrenal adenocarcinoma. All were 
fairly large tumors which measured from 
to I3 cm. in diameter. A small adenoma, 1.5 
cm. in diameter, was not demonstrated in 1 
case; and, in another, multiple small nod- 
ulesof metastatic pheochromocytomaon the 
undersurface of the liver could not be iden- 
tified. Normal adrenal glands were not seen 
on the nephrotomogram, but in 1 of 7 pa- 
tients with proved adrenal cortical hvper- 
plasia, glands weighing respectively 16.5 
and 27 gm. were identified. 

Miscellaneous Lesions. Twenty-seven pa- 
tients had a variety of lesions other than 
tumors, including pyelonephritis, pyelocali- 
ectasis, renal calculus, vascular and renal 
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l'1G. 3. Necrotic carcinoma resem- 
bling cyst. (a) Arterial phase 
of nephrotomogram shows no 


arteries entering lesion. (4) 
Nephrographic phase shows 


wall to be thickened and irregu- 
lar in areas where viable tumor 
remains. (c) Gross specimen 
shows viable tumor (arrow) in 
location corresponding to that 
of thickened part of wall in 4. 


anomalies, renal carbuncle, renal infarction, 
renal trauma, and so forth. Nephrotomog- 
raphy contributed materially to the diag- 
nosis in most of these cases by demonstrat- 
ing parenchymal or associated vascular and 
parenchymal abnormalities not appreciated 
by other means (Fig. 7, a and 4). In a few 
cases, because of the nature of the disease, 
nephrotomography added little to previous 
studies, except to exclude the presence of a 
mass. 

Indeterminate Findings. Nephrotomo- 
grams were indeterminate in 20 cases. 
Eight patients in this group had technically 
unsatisfactory examinations, 3 because of 
poor roentgenograms and 5 because of fail- 
ure of the diseased kidney to opacify. Oper- 
ation, performed in 5 of the 8 cases, dis- 
closed 2 instances of carcinoma with pyo- 
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Fic. 4. Simple cyst diagnosed as neoplasm. (a) 
Arterial phase of nephrotomogram failed to show 
renal vessels. (^) Nephrographic phase shows ap- 
parent opacification of mass. " 


a. 


nephrosis, 1 of carcinoma with multiple 
simple cysts, I of cyst with advanced hy- 
dronephrosis, and 1 of retroperitoneal 
fibrosis with hydronephrosis. The remain- 
ing จ patients refused operation. 

Although technically satisfactorv, there 
was doubt as to the correct interpretation 
of nephrotomograms of 12 patients. For 8 
of these, the diagnosis of cysts was equivo- 
caland operation was recommended because 
the roentgenographic characteristics of the 
lesions were not clear-cut; the findings at 
operation corroborated the diagnosis. At 
operation, 2 of the remaining 4 patients 
whose nephrotomograms could not be satis- 
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factorily interpreted proved to have adeno- 
carcinoma; the other 2 patients were not 
operated on. 

Muttiple Diagnoses. In addition to solv- 
ing specific problems raised clinically or by 
conventional urographv, nephrotomogra- 
phv has, on a number of occasions, demon- 
strated multiple significant, unrelated, and 
unsuspected lesions. Thus, in 3 cases the 
technique demonstrated a cyst of one kid- 
nev and an unsuspected stenosis of the 
renal artery to the opposite kidnev. In 
another, a cvst of one kidney and an unsus- 
pected carcinoma of the opposite kidney 
were observed. In vet another case, nephro- 
tomography revealed a cyst of one kidney, 





shows irregular 


Fic. 5. (4) Excretory 
bulging of lateral border of left kidney, suggesting 
intrarenal mass. (7) Nephrotomogram reveals no 
lesion. 


urogram 
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an aneurysm of the abdominal aorta, and 
stenosis of a renal artery. Finally, it dis- 
closed an aneurysm of the splenic artery in 
ล patient with normal kidneys. 

Complications. Complications were minor 
and transient. Ten patients experienced 
nausea and 3 vomited. Sodium dehvdro- 
cholate, used to determine the circulation 
time, produced this effect more often than 
did salts of diatrizoate, the urographic 
medium. Seventeen patients had mild urti- 
caria which was easily controlled with an 
antihistamine in all cases except 1. In this 
patient generalized urticaria cleared 
promptly following the subcutaneous injec- 
tion of epinephrine. In 4 patients a fine 
generalized rash occurred; it cleared within 
a few minutes after an injection of an anti- 
histamine. A significant quantity of go per 
cent diatrizoate (estimated to be as much 
as 25 ml.) was extravasated into the subcu- 
taneous tissue in 4 patients. This produced 
moderate transient pain and burning at the 
site of injection, but no late sequelae devel- 
oped. We encountered no untoward reac- 
tions attributable to the large quantity 
(150 ml.) of go per cent diatrizoate admin- 
istered in multiple injections to some pa- 
tients. 

COMMENT 

Obviously, we have employed nephroto- 

mography in most cases, as have others,?? 





Fic. 6. Nephrotomogram reveals functioning, par- 
tially calcified adenoma of left adrenal gland. 
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shows bilateral 


Fig. 7. (a) 
caliectasis. Renal outlines are obscured. (6) Arte- 
rial phase of nephrotomogram reveals atrophy of 
cortex of upper half of right kidney and of lower 
pole of left kidney. 


Excretory urogram 


to distinguish renal cvsts from carcinoma. 
We have used nephrotomography in prefer- 
ence to other angiographic methods, such 
as selective renal arteriography, for the 
study of most of these patients for the fol- 
lowing reasons: first, it is a relatively simple 
procedure which can be performed rou- 
tinely on out-patients; second, it requires 
little specialized equipment aside from a 
roentgenographic table equipped for bodv- 
section roentgenography; third, it has 
resulted in no serious complications or 
reactions to date; and fourth, it reliably 
differentiates solid from cystic intrarenal 
lesions in most cases (Table 1). 

Failures of the procedure are related to 
one or both of two causes: unsatisfactory 
opacification of the kidney and poor dem- 
onstration of small renal vessels. Poor opac- 
ification of the kidney is most troublesome 
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ACCURACY OF DIFFERENTIATING CYSTS FROM 
NEOPLASMS WITH NEPHROTOMOGRAPHY 





Nephrotomo- | No. | Accuracy 
gra phi C | 0 t CC ว ว ว ว ว ว ย ง — 
Diagnosis | Cases | Correct | Incorrect 


i2 Carcinomas 


carcinomas 


x | 

Cyst E 145 

Neoplasm OR 34 l4 Cvsts 

Indeterminate | 14 | o  |9 Cysts and 5 
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if renal parenchyma has been replaced to a 
large extent by cysts or if a kidney is non- 
functioning because of ureteral obstruction 
or vascular occlusion. Carcinoma in these 
cases Is difficult to identify. Sometimes the 
nature of a recognized lesion is not clear 
largelv because of unsatisfactory demon- 
stration of small renal vessels. We have 
chosen to explore these patients, but fur- 
ther study by means of renal arteriography 
probably would permit a nonoperative 
diagnosis in some instances. 

Since cystic carcinoma, while uncommon, 
has been reported,!7:’ how do we defend 
our acceptance of a nephrotomographic 
diagnosis of cyst without operation or 
aspiration in 136 cases in this series? We 
insist that the history and the results of 
physical examination and laboratory stud- 
ies be concordant with this diagnosis. If any 
symptoms or laboratory data suggest (or 
indeed, if any nuance suggests) renal carci- 
noma, we advise surgical exploration. Fur- 
thermore, we insist on excellent nephro- 
tomographic films which demonstrate 
changes typical of cysts, as already out- 
lined; no diagnosis of renal cyst will be 
made from unsatisfactory or questionable 
films. In addition, we will accept no diag- 
nosis of cyst unless the radiologist and 
urologist clearly agree. Finally, we have 
support for our opinion in a report by 
Southwood and Marshall.? They corrobo- 
rated nephrotomographic diagnoses of renal 
cysts by operation or aspiration in 62 of 115 
cases, and they found no reason to doubt 
the accuracy of diagnosis in an additional 
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48 cases, including 18 with polycystic dis- 
ease. Diagnostic errors were established in 
the remaining 5 cases, 3 of which proved to 
be cases of carcinoma. Similarly, these 
authors corroborated nephrotomographic 
diagnoses of carcinoma in 41 of 44 cases; 
the remaining 3 cases included 2 of renal 
cyst and 1 of pyelonephritis. They believe 
that nephrotomography is at least go to 95 
per cent accurate in differentiating simple 
cysts from neoplasms of the kidney. Our 
experience supports this opinion, 


CONCLUSIONS 


Nephrotomography is a safe, simple, and 
practical method of studying the upper 
part of the urinary tract when a diagnosis 
cannot be established by excretory urogra- 
phy and retrograde pyelography. Lesse 
formidable than the various arteriographic 
examinations presently performed, this 
method requires no extraordinary equip- 
ment and can be used in both hospital and 
office radiologic practices. Nephrotomogra- 
phy provides opacification and visualiza- 
tion not only of the pelvis of both kidneys 
but also of the parenchyma and vascular 
supply; thus it increases our diagnostic 
potential. 

While nephrotomography may be em- 
ploved profitably in a wide variety of dis- 
eases, it has its most important application 
in distinguishing renal cvst from renal neo- 
plasm. In this, a high degree of accuracy 
can be expected. On the basis of our obser- 
vations, reported herein, we often are pre- 
pared to accept, without operation, roent- 
genographic diagnoses of renal cysts or of 
normal anatomic variations in renal shape 
suggestive of tumor. In many such in- 
stances, operations were previously neces- 
sary for diagnosis. We wish to make it 
emphaticallv clear, however, that we have 
not abandoned surgical exploration 1 ท 
questionable cases. Indeed, we employed 
this device in 82 of our 330 cases, including 
7 in which both nephrotomography and 
renal exploration revealed normal kidneys. 
Maye Clinic 
Rochester, Minnesota 
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ARTERIOGRAPH Y* 


and MORDECAI HALPERN, M.D. 


HE abdominal aorta and its visceral 

branches may be opacified by intrave- 
nous, translumbar, or catheter replacement 
techniques. Selective catheterization and 
contrast visualization of the renal arterv 
and its branches have many important 
advantages over other methods and roent- 
genographicallv appears to provide almost 
the ultimate in the achievement of anatom- 
icopathologic demonstration. The tech- 
nique of selective renal arteriography rep- 
resents the summation of many refinements 
in contrast visualization of the renal vascu- 
lature and parenchyma, a development 
which began in 1929 with the first direct 
needle puncture of the aorta bv dos Santos 
et al^ A percutaneous method of arterial 
catheterization was suggested bv Peirce” in 
1951 and modified by Seldinger” in 1953. 
Further changes in basic technique and 
equipment were made by Prioton ef a£? 
and Ödman.” The many fundamental con- 
tributions of the Swedish workers resulted 


in a logical, step bv step formulation of 


selective arteriographv as a precise method 
of roentgenographic diagnosis. 

Our purpose is twofold: (1) to describe in 
detail the roentgenologic technique of per- 
cutaneous transfemoral selective renal ar- 
teriographv; and (2) to stimulate greater 
use of this technique bv presenting the 
simplicity of the predecins as well as em- 
phasizing the exquisite definition of gross 
renal structure it provides (Fig. 1, 4 


and 5). 


DISCUSSION OF TECHNIQUE 


The Seldinger method of percutaneous 
transfemoral arteriographic catheterization 
has been actively used in this department 


* From the Department of Radiology, 
Aided by a grant from the Whitehall Foundation. 


since 1960. Since the basic catheter replace- 
ment technique has been outlined else- 
where,? we will limit this discussion to the 
preparation of properly shaped catheters 
and tae technical aspects of selective cathe- 
terization. These aspects have not been 
reviewed in detail in the American radio- 
logic literature, though the procedure was 
established in 1953, and an excellent report 
of selective renal arteriography was pre- 
sented bv Gregg et al in 1987 
Currently, opaque and nonopaque poly- 
thvlene catheters are commonly emploved * 
in contrast vascular studies. One advantage 
of the nonopaque catheter is that its lumen 
is greater than that of opaque tubing of the 
same outside diameter, such as the Odman- 
Ledin type. This is an important factor in 
general work, because according to Poi- 
seuille’s law, minute increases in caliber of 
the catheter lumen result in large increases 
in flow rate of contrast material. In selec- 
tive renal arteriography, however, the flow 
rate or speed of injection of contrast me- 
dium is not critical since only a small 
amount of material is injected by hand or 
at low pressures of 2.5 to 3 kg./ cm.? utiliz- 
ing an automatic pr essure device such as 
the Gidlund injector.’ We have relied 
chiefly on the red opaque Odman catheter 
(O.D. 2.0 mm., LD. 1.15 mm.), since 1t 1s 
always visible dune fluoroscopy, 1s easier 
to maneuver because of its greater torsional 
rigidity, and requires little effort to mold to 
specific curves or bends which are then 
fairly well maintained at body ROR ature. 
Yellow Ödman catheters (O.D. 2.85 mm., 
LD. :.z mm.) have occasionally been used 
nt of even better maneuverability and 
visibility. These advantages, however, 
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Selective Renal Arteriography 





Fic. 1. Normal selective left renal arteriogram. (4) Arterial phase; (B) venous phase. 


must be weighted against the larger arterial 
opening required for its insertion, and the 
consequent increase in chances of arterial 
trauma and hematoma. 

A properly prepared tip is very impor- 
tant since it facilitates threading the cathe- 
ter into the artery with minimal trauma. 
[he tip is made by inserting the guide wire 
into the tubing a few centimeters and heat- 
ing the catheter containing the guide wire 
over an alcohol lamp. The tubing is 
stretched, tapered and molded over the 
wire, which maintains the luminal diameter 
of the catheter tip. The tubing is then cut 
with a razor blade at the mid portion of the 
tapered segment and the edges of the cathe- 
ter tip are smoothly beveled with emery 
paper. Not until the tip has been made is 
the exact length of tubing desired cut from 
the roll. We generally use a catheter zo cm. 
in length. The opposite end of the catheter 
must be formed into a collar to receive the 
female portion of the adapter, which can be 
attached to a Luer-Lok syringe. To form 
this collar, the point of a flanging tool is 


heated over an alcohol flame and pressed 
carefully into the catheter end until it 
becomes flared. 

We have not found that side holes near 
the catheter tip are necessary, though 
others recommended this to prevent recoil 
during the diagnostic injection of con- 
trast,” 

The leading end of the catheter is shaped 
to facilitate the manipulation of the cathe- 
ter from the aorta into the renal artery. 
This is readily done by inserting a metal 
guide wire or malleable wire of outside 
diameter equal to the caliber of the cathe- 
ter lumen in order to maintain its patency. 
The catheter tip is bent into the desired 
shape, immersed in boiling water for a few 
seconds, and then allowed to cool. The 
curve imparted to the catheter will be fixed 
following removal of the wire. 

A basic principle in making a catheter for 
selective arteriography is to attempt to 
shape its entire length in the general form 
of the parent vessel, ;.e., aortico-iliac com- 
plex in the case of the transfemoral ap- 
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proach. The importance of this is illustrated 
by the difficulty of attempting to catheter- 
ize a renal artery following puncture of the 
contralateral femoral artery. The natural 
curve of the catheter material which has 
been stored in a roll or on a spool is usually 
excellent for examining the kidnev on the 
same side of the body as the puncture site. 
There is often some difficulty in approach- 
ing the contralateral renal artery because 
the curved tip of the catheter tends to turn 
in the same direction as the curvature of 
the entire catheter. This directional tend- 
ency can be obviated by reversing the pre- 
formed long curvature of the catheter so 
that the contralateral kidney may be more 
easily studied, as outlined by Odman in 
1956. 

Equally important is the accentuated 
curve at the tip of the catheter. The leading 
end should be shaped so that the tip may be 
hooked into the orifice of the renal artery 
which usually arises from the posterior 
lateral aspect of the aorta in the vicinity of 
the first lumbar disk space. The renal artery 
sometimes forms a 9o degree angle with the 
aorta, but most commonly its proximal 
portion has a slightly downward course. 
'The general shape and measurements of the 
curved tip that we have used with consist- 
ent success are presented in Figure 2. It is 
frequently helpful to have the arc of the 
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curve at the end of the catheter slightly 
greater than the anticipated width of the 
abdominal aorta, since this adds to the 
curve a spring-like quality which facilitates 
the entrance of the tip of the catheter into 
the arterial orifice when it is encountered. 
Following femoral arterial puncture and 
catheter replacement, the catheter 1s ma- 
neuvered in a retrograde fashion under 
television monitoring to the origins of the 
renal arteries. The tip of the catheter 1s 
directed toward the origin of the artery 
under studv bv rotation and then carefully 
moved back and forth past the area where 
the orifice of the artery is thought to lie. 
When the orifice is engaged, the tip of the 
catheter will suddenly snap laterally be- 
vond the expected confines of the aorta and 
the examiner will feel slight resistance when 
he gently tries to withdraw the catheter. 
The stopcock at the proximal end of the 
catheter should be opened to check for 
blood flow, since there will be little if any 
bleeding if the catheter obstructs the lumen 
of the vessel. In this situation the catheter 
should be withdrawn to a more proximal 
position in the renal artery, or a catheter 
with smaller outside diameter should be 
used. 

The examiner must be absolutelv certain 
that the catheter tip is within the renal 
artery and not a contiguous lumbar artery, 





Fic. 2. Selective renal artery catheters. From left to right: ipsilateral and contralateral right renal artery 
catheters; ipsilateral and contralateral left renal artery catheters. 
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since the usual dose of contrast material 
inadvertently injected into a lumbar artery 
could cause spinal cord damage. To make 
this determination, we rapidly inject 5 cc. 
of normal saline. If the catheter lies in a 
lumbar artery, the patient will experience 
mild to moderate transitorv discomfort in 
his back as opposed to total lack of symp- 
toms with an injection into a renal artery. 
If the catheter is properly placed, 1 or 2 cc. 
of 50 per cent hypaque is injected to con- 
firm its location and to visualize the renal 
artery on the television screen. One of the 
common pitfalls of catheter placement is 
the recoil of the catheter tip from the renal 
artery during the injection of contrast 
material for the actual diagnostic study. 
This can be avoided or corrected, according 
to Edholm and Seldinger,’ by making a 
second preliminary injection of saline with 
approximately the same pressure and vol- 
ume as is anticipated for the diagnostic 
injection of contrast material. If recoil 
occurs, proper adjustment can be made. We 
have found this of great value in ensuring 
satisfactory studies. If there is failure to 
engage the arterial orifice with the catheter 
after a reasonable trial period, a new more 
correctly preformed catheter must be used. 

The radiologist must remain aware of 
two facts: 

I. In selective work there is a greater 
risk of arterial oozing about the puncture 
site because of the necessity of catheter 
manipulation in order to engage the desired 
arterial orifice. 

2. Traumatic manipulation and/or ex- 
cessive manipulation will create spasm of 
the femoral artery with compromise in 
lower extremity circulation. While this can 
be relieved by papaverine intravenously, it 
is obviously best to avoid this potential 
complication. 

We can offer no set rules regarding this 
phase of the technique; there is no substi- 
tute for knowledge and experience, whereas 
stubborn persistence is usually unsuccessful. 

If the renal artery is not readily entered, 
the operator should resort to small injec- 
tions of 5 ๐ per cent hypaque in an attempt 
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to analyze the curve of the abdominal aorta 
and the origin of the renal artery orifice. 
This may require step-by-step movement 
of the catheter tip along the wall of the 
aorta with frequent injection of 1—2 cc. of 
contrast material. With the anatomic infor- 
mation thus gained, it is usually possible to 
rotate the catheter in order to engage the 
orifice. It should be obvious that complete 
mastery of vascular anatomv and anatomic 
variants is required. Supplemental arteries 
(Fig. 3, 4 and B) and aberrant origins of 
the main renal artery associated with mal- 
rotation of the kidney must be considered. 
Tortuosity, dilatation, narrowing, and inti- 
mal plaques may make selective work im- 
possible without studying the individual 
anatomic problem and shaping of the cathe- 
ter accordingly. The ease in substituting 
one catheter for another is one of the great 
advantages of selective arteriography by 
the catheter replacement method. This 
feature is of vital importance, particularly 
in patients with advanced arteriosclerosis. 
We keep vials of sterile water in our steri- 
lizer as an immediate source of boiling water 
for special catheter shaping at any time 
during a procedure. 

Catheter substitution demands strict 
aseptic technique, since a foreign material 
is being re-introduced into the lumen of an 
artery. It is also mandatory that the guide 
wire be cleansed with a heparin.saline 
solution (10 mg. heparin per 100 cc. normal 
saline) and freed of dried blood resulting 
from its use during the insertion of the 
original catheter. The guide wire with its 
flexible tip as lead end is inserted through 
the Luer-Lok adaptor and catheter until 
approximately 15 cm. of guide protrudes 
beyond the tip of the catheter within the 
aorta. Then both the catheter and guide 
wire are withdrawn from the puncture site 
until the tapered end of the catheter is 
visible. At this point 15 cm. of guide wire 
remains in the common femoral and iliac 
arteries. Proper understanding of the 
Seldinger catheter replacement technique 
will make it obvious that at the instant of 
removal of the catheter from the femoral 


Peter M. Tillotson and Mordecai Halpern 


JuLy, 1963 





Fic. 3. (4 and B) Supplemental renal artertes. Incomplete opacification of renal arterial supply due to 
presence of supplemental vessels. 


artery, free brisk bleeding will occur unless 
digital pressure is applied and maintained 
until a new catheter is placed in the artery. 
With digital pressure applied, the catheter 
is withdrawn over the guide wire which 1s 
held in place in the artery and a new cathe- 
ter is threaded over the wire and inserted 
into the femoral artery. The guide wire 1s 
withdrawn, the catheter is flushed with 
heparin-saline, and the operator is prepared 
to make another attempt to cannulize the 
renal artery. 

It should be remembered that guide 
wires are foreign material which serve as 
possible foci for clot formation. They 
should not remain within the catheter or 
artery for an undue length of time. A cathe- 
ter which does not show free blood flow 
when the stopcock is opened should never 
be forcibly evacuated by injection into the 
arterial tree. The catheter can sometimes 
be cleared of clot by withdrawal of material 


into a syringe, but clot formation within 
the catheter usually demands immediate 
termination of the procedure. 

During the period the catheter remains 
in the artery, it is frequently irrigated with 
heparin-saline solution to maintain its 
patency and to prevent thromboembolic 
phenomena. 

Before the actual study begins, a series of 
test roentgenograms are taken for evalua- 
tion of technique and position. It is helpful 
to have a scout roentgenogram of the ab- 
domen that includes both kidneys in addi- 
tion to coned-in views of the kidney to be 
studied. An aortic injection of contrast 
material during the procedure may be nec- 
essary to determine accessory renal arteries 
that cannot be catheterized because of size 
or position. 

When the desired renal artery has been 
satisfactorily catheterized, the patient is 
repositioned on a rapid serial film changer. 
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We have used the Elema-Schónander rapid 
film changer with a capability of 6 films per 
second for 2 seconds followed bv single films 
spaced at intervals through a 14 second 
period. The delaved roentgenograms are 
important in the studv of the venous phases 
of intrarenal circulation and to the visual- 
ization of the main renal veins. 

For most diagnostic injections ร cc. of 75 
per cent hypaque is used. If the kidney is 
enlarged, particularly by a neoplasm, 6 to 8 
cc. of 75 per cent hy paque is used. 

Contrast material is rapidly injected 
with a Gidlund automatic pressure injector 
at 2.5 to 3 kg./cm.? or by hand, using the 
smallest syringe possible since the rate of 
injection diminishes as syringe size in- 
creases. The patient is asked to hold his 
breath during filming, which is started as 
the injection begins. At the end of filming 
the catheter is withdrawn into the aorta 
and irrigated after the remaining contrast 
material has been drained from it. The 
films are immediately developed and re- 
viewed before the study is terminated, 
since additional roentgenograms may be 
necessary for complete anatomic delinea- 
tion of a given lesion. We do not hesitate to 
repeat the study if there is good renal func- 
tion and additional roentgenograms will 
make a final diagnosis more secure or will 
achieve further anatomic clarity. 


INDICATIONS 


Selective renal arteriography should be 
performed when the greatest possible defi- 
nition of the renal vascular tree and the 
renal parenchyma is required. In addition 
to the great detail obtained, this procedure 
avoids the superimposition of other con- 
trast filled branches of the aorta unavoid- 
ably visualized in regular catheter aortogra- 
phy. The exact amount of contrast material 
reaching the kidney is known and the con- 
tralateral kidney does not receive any 
of the contrast medium. 


LIMITATIONS 


The amount and extent of degenerative 
disease of the abdominal aorta and its iliac- 
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femoral branches are the chief limiting 
factors in percutaneous transfemoral selec- 
tive renal arteriography. Under certain 
circumstances it may be difficult or techni- 
cally impossible to pass a catheter retro- 
grade through tortuous, irregular vessels to 
the level of the renal arteries and then 
manipulate the catheter into the desired 
arterial orifice. If the patient is in the older 
age group and severe aortico-iliac disease is 
suspected, intravenous aortography may be 
very helpful as a preliminary screening 
procedure. If transfemoral catheterization 
is not feasible, percutaneous transbrachial 
selective renal arteriography may be used. 
This situation has occurred in less than 1 
per cent of over 750 percutaneous retro- 
grade studies. 


COMPLICATIONS 


Complications in selective renal arteriog- 
raphy are observed chiefly during the cath- 
eter replacement procedure and as a result 
of toxic effects of the contrast material on 
renal parenchyma. Hemorrhage, thrombo- 
sis, embolism, perforation, and spasm may 
occur at the femoral puncture site, within 
the aortico-iliac complex, or in the renal 
artery during manipulation of the metal 
guide wire or catheter. These complications 
have been infrequently described! ? 5159.17 
and can be minimized or avoided with care, 
gentleness and experience. 

There are numerous reports of all degrees 
of renal damage in man and investigative 
animals following the aortic or renal arterial 
injection of contrast material, usually by 
the translumbar ท ห อ น แด. ใด ้ '19 Pre-existing 
renal disease has been an important factor 
according to some reports.*:? However, in à 
studv by Berg, Idbohrn and W endeber gs 
urografin and hypaque in the highest con- 
centrations available did not produce any 
histologically demonstrable renal damage 
in experimental animals, while slight renal 
damage could be produced with only 25 per 
cent urokon. We are not aware of a case 
report of significant renal damage using 
hvpaque with the catheter technique of 
aortography or selective renal arteriogra- 
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phy and have not encountered any such 
renal complications in our series, which has 
included emergency studies in patients 
with uremia, renal artery embolism, and 
postoperative anuria. 


DISCUSSION 


The value of renal arteriography follow- 
ing the aortic injection of an opaque me- 
dium is well established in the study of 
renal tumors (Fig. 4, 4 and B) and cysts 
(Fig. 5) and their differentiation, chronic 
pyelonephritis including tuberculosis, con- 
genital vascular and parenchymal anoma- 
lies, hydronephrosis, and hypertension of 
renal vascular origin.519151523 Selective 
renal arteriography is a further improve- 
ment which provides consistently better 
definition of vessel and parenchymal struc- 
ture so important for the recognition of 
minimal morphologic change. The indica- 
tions for the use of this technique go far 
beyond the mere gratification of the physi- 
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cian’s aesthetic longings for a 
ture," as some might suggest. Pı 
future advances in the early dete 
diagnostic evaluation of many 
eases will certainly partially dey 
the increasing selectivity of vasct 
terization and on more detaile 
visualization, as in microradiogr 
do not mean to imply that eve: 
with renal disease should be stud 
manner. On the contrary, intrav 
retrograde pyelography, nephr 
phy and general catheter aortog 
entirely adequate for many renal 
problems. 

It has been stated that nephr 
phv is 95 per cent successful in di 
ing between renal carcinoma : 
Difficulties arise in the remaining 
of cases because 16 may be imi 
recognize abnormal vessels ir 
tumors. Renal abscesses mav al 
as nonvascular, ragged, semiluce 





Fic. 4. Highly vascular hypernephroma. (4) Curved arrow points to one of many arteriover 
(B) Large black arrow shows irregular opacification of renal vein due to invasion by tumor 
arrows show collateral venous channels. 
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We feel that it is possible to achieve almost 
[๐ ๐ per cent accuracy with selective renal 
arteriography because of its ability to de- 
tect minute, subtle tumor vessels not visu- 
alized with less specific techniques. We 
initially study a renal mass with nephro- 
tomography with consistently excellent 
results, but this is now immediately fol- 
lowed by selective renal arteriography 
whenever the diagnosis is equivocal. 

In studying patients with hypertension 
on a basis of renal vascular disease, it is 
frequently adequate to use the catheter 
technique of aortographv. Significant vas- 
cular lesions, however, can be missed be- 
cause of poor filling and the superimposi- 
tion of the contrast filled vessels of the 
celiac branches and superior mesenteric 
artery. General catheter aortography 
should be followed by selective renal arteri- 
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Fic. 5. Benign renal cyst. Arrows define margin 
of upper pole cyst. 


lic. 6. Fifteen. year old male patient with 
severe hypertension and bilateral stenotic 
renal artery lesions. (/7) Selective right renal 
arteriogram defines the full extent and de- 
tail of the lesion. (B) Renal aortogram 
shows obscuration of the right renal artery 
due to the overlying superior mesenteric 
artery and poor visualization on the left 
side. (C) Selective left renal arteriogram 
defines extent of segmental stenosis. 
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Fic. 7. Renal tuberculoma. (4) Arterial and (B) capillary phases of selective arteriogram. 








ography if there is any question about the 
accuracy of the initial study and if greater 
anatomic detail will help the surgeon (Fig. 
6, 4. B and C). 

Selective studies can be invaluable in 
patients with renal tuberculosis (Fig. 7, 4 
and 5) and other types of pyelonephritis 
(Fig. 8, 4 and B), since the degree of vascu- 
lar alteration and parenchymal destruction 
thus revealed makes it possible to estimate 
the extent of the disease. This permits ac- 
curate preoperative planning for partial 
nephrectomy following suitable chemo- 
therapy. Significant contributions can also 


be made in the evaluation of the volume of 


functioning parenchyma remaining in long 
standing hydronephrosis (Fig. 9). This is 
important in deciding between plastic 
repair of the obstruction versus nephrec- 
tomy 1 ท advanced cases. 


SUMMARY 


Percutaneous transfemoral selective re- 
nal arteriography is a safe, well-established 
technique for the studv of renal vasculature 
and parenchyma. Superb anatomic defini- 
tion can be obtained without the superim- 
position of other contrast filled vessels. 
Complications can be avoided or minimized 
with care and experience. If advanced 
aortico-tliac arteriosclerosis makes the 
study difhcult or technically impossible, 
percutaneous transbrachial selective renal 
arteriography can be performed. The prep- 
aration of properly shaped catheters and 
the technical aspects of selective catheteri- 
zation are discussed in detail. Selective 
arteriography affords an opportunity for 
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Fic. 9. Hydronephrosis. Selective arteriogram shows 
atrophy of the renal vasculature. Arrows point to 
markedly thinned renal cortex. 


the study of intrarenal vasculature in many 
pathologic conditions, enabling far more 
accurate diagnosis than heretofore avail- 
able and at the same time providing the 
surgeon with invaluable preoperative ana- 
tomic information. 

Mordecai Halpern, M.D. 


525 East 68th Street 
New York 21, New York 


Frc. 8. Chronic pyelonephritis. (4) Arterial and (B) capillary phases of selective arteriogram showing ir- 
regular distribution of intrarenal branches, “pruning” of many small vessels and marked scarring of the 


kidney. 
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THE ACCELERATED VASCULAR PHASE OF 
THE RADIOISOTOPE RENOGRAM IN 
RENOVASCULAR HYPERTENSION* 


By JAMES L. QUINN, HI, M.D. 


WINSTON-SALEM, NORTH CAROLINA 


Re ULAR hypertension may 
be defined as systemic hypertension 
secondary to pathologic changes in the 
renovascular tree. In 1940 this condition 
was thought to account for approximately 1 
per cent of the hypertensive population but 
renovascular disease is now estimated to be 
etiologic in from 10-20 per cent of the 
hypertensive population.!3 

The resultant hypertension need not be 
due to renal ischemia but rather to subtle 
pressure changes in the renovascular tree 
which in turn affect the juxtaglomerular 
apparatus. 

With advances in anesthetic and surgical 
techniques, the diagnosis of renovascular 
hypertension has become more important 
since it is frequently correctable. Early 
diagnosis is important because prolonged 
hypertension diminishes renal reserve and 
eventually leads to irreversible vascular 
changes. 

It is the purpose of the present author to 
review the experience with the accelerated 
vascular phase of the radioisotope reno- 
gram, part of which has been reported 
previously,® and to discuss some of the 
artefacts and pitfalls of this modified reno- 
graphic technique. 


RADIOISOTOPE RENOGRAPHY 


With the development of radioisotope 
renography, a significant advance in the 
diagnosis of renovascular hypertension 
became possible. Originally, renography 
was performed using matched renal probes, 
a single chart recording speed, and I?! iodo- 
pyracet as the compound. The affinity of 


the liver for iodopyracet made the interpre- 
tation of the right renal recording difficult 
and at times impossible. 

The introduction of ortho-iodo-131-hip- 
puric acid (hippuran), which has an insig- 
nificant hepatic uptake,’ has increased the 
accuracy of the renogram. 

Witcofski ef a/.* suggested that bv accel- 
erating the recording rate of the vascular 
phase of the renogram and monitoring the 
bolus presented to the renal vascular bed 
with a third probe over the aorta anteriorly, 
diminished renal blood flow (and thus renal 
artery stenosis) might be suspected by the 
slower filling of the affected renovascular 
tree, 

A control study was performed and nor- 
mal values tor the vascular, secretory and 
excretory phases of the renogram were de- 
termined, An arbitrary decision was made 
to perform the control studies on patients 
without dehydration. 

The study was then extended to a group 
of patients with suspected renovascular 
hvpertension.* 


MODIFIED RENOGRAPHY 


Modified renography is performed in the 
following way: 

1. A roentgenogram of the abdomen is 
obtained with the patient in the erect posi- 
tion so as to determine the renal position. 
An excretory urogram is preferable. The 
location of the central renal mass with rela- 
tion to the iliac crest and spinous processes 
Is measured. 

2. The two renal 1X11! inch sodium 
iodide, thallium activated, scintillation de- 


* From the Department of Radiology, North Carolina Baptist Hospital and the Bowman Gray School of Medicine of Wake Forest 


College, Winston-Salem, North Carolina. 
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tectors are adjusted to register half-scale 
deflection with a mock iodine source ap- 
proximating the renal dose. 

3. With the patient seated, the probes 
are positioned over the central renal mass 
posteriorly, A third probe is placed over the 
abdomen anteriorly, just to the left of the 
umbilicus, to monitor the aortic bolus. 

4. The chart recorders are started at a 
speed of 12 inches per minute and a time 
constant of o.5 seconds ts used. 

5. ๐ .5 uc per kg. of hippuran I?! is in- 
jected rapidly into the right antecubital 
vein. A larger dose is necessary in children 
and in obese individuals. 

6. The rapid chart speed is continued 
until a vascular plateau is reached in all 3 
chart recorders. At that time, the chart 
recorders are changed to 12 inches per hour 
and the time constants to 10 seconds. 

7. The aortic probe is moved to the pre- 
cordium to obtain a blood disappearance 
curve. 

8. The renogram recording is continued 
for 15-20 minutes. At 30 minutes, a bladder 
count is obtained to determine the percent- 
age of excretion. 

9. The renogram recordings are then 
subjected to mathematical analysis and the 
values for vascular peaking, secretory half- 
time and excretory half-time are deter- 
mined and compared with the normal 
values. The heights of the renal vascular 
plateaus are compared. 


THE ACCELERATED VASCULAR PHASE 


The renogram has 3 apparent segments, 
viz., the vascular, secretory and excretory 
phases. 

The accelerated vascular phase also 
appears to have 3 parts (Fig. 1): filling of 
the flank and large renal arteries probably 
gives the first and sharpest rise; the second 
phase is attributed to peripheral flank, 
renal arteriolar and renal capsular filling; 
and the third part of the curve seen at fast 
chart speed is probably related to tubular 
secretory activity. 

The junction of parts 2 and 3 is termed 
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Fic. t. Vascular Phase. The normal fast chart 
speed recording of the vascular phase has 3 ap- 
parent segments. Tangent 1 represents the initial 
flank and large renal arterial filling; Tangent 2 
represents renal arteriolar, capillary and capsular 
filling; and Tangent 3 represents the tubular secre- 
tory activity and glomerular filtration. This 1s 
termed the vascular plateau. The junction of 
Tangents 2 and 3 is termed the vascular peak. 


the "vascular peak." This is the beginning 
of the vascular plateau. 

In the normal patient approximately $ to 
3 of the total height of the vascular peak ts 
accounted for by the blood contained in the 
underlying renal vascular bed. This is as- 
sumed to be the case in renograms obtained 
from patients before and after nephrec- 
tomy. Following nephrectomy the probe 
detected an inflow of radioactive material 
into the flank tissues of approximately 1 to 
1 of the original renogram vascular peak. 

It is apparent that the height of the vas- 
cular peak and the time to peak activity are 
related both to the rate of blood flow and 
the blood volume of the kidney and the 
flank. Accurate estimations of the rate of 
flow cannot be expected from extremelv 
small renal masses since in such cases the 
flank tissue can easily mask gross abnor- 
malities in renal blood flow. 

The vascular curves are interpreted bv a 
comparison of the plateau times of the 
“bolus” curve obtained from the abdominal 
probe versus the plateau times of each renal 
curve, and by comparison of the heights of 
the 2 renal “plateaus.” If there is signifi- 
cant nephroptosis, especially on the right, 
the vascular peak heights cannot be com- 
pared. 
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ACCELERATED VASCULAR PHASE ARTEFACTS 


Because of the anatomic location of the 
left kidney, there are several artefacts of 
the accelerated vascular phase. These are: 

1. Lung Interference. If the left kidney is 
situated high in the abdomen, the left probe 
may detect radioisotopic filling of the lung. 
This will obscure the deflection of the vas- 
cular recording from the base line (Fig. 2). 
Lowering the probe slightly usually corrects 
this artefact on a repeat test. 

2. Aorta Interference. The left renal 
probe sometimes records the aortic bolus in 
addition to responding to the renal artery 
bolus. In such an instance the recorder 
"overshoots" before returning to the vascu- 
lar plateau (Fig. 3). This obscures the vas- 
cular peak and makes interpretation of the 
left vascular curve impossible. Moving the 
probe to the left has not corrected this 
artefact with any consistency. 

3. Splenic Interference. If the kidney is 
located high and the splenic artery is tortu- 
ous, the probe may detect splenic artery 
and splenic pulp radioactivity in addition 
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to the renal artery radioactivity and a high 
deflection (similar to the aortic interfer- 
ence) will result (Fig. 3). Moving the probe 
down does not correct this artefact with 
any consistency. 

The above are inferences based on obser- 
vations of numerous such artefacts seen in 
the vascular phase of modified renographic 
recordings and corroboration with the 
findings on aortography. Correction of the 
pulmonary artefact is usually possible by 
probe adjustment but the aortic and/or 
splenic artefact is not corrected by moving 
the left probe. 

In our series of $1 cases, there were 9 
instances of aortic and/or splenic artefacts 
involving the left renal recording. We were 
able to correct 3 of these by repositioning 
the left renal probe either laterally or in- 
teriorly. In the 6 which persisted, 3 subse- 
quently proved to be normal; in 1 there was 
unilateral renal artery stenosis on the right; 
and in 2 there was unilateral renal artery 
stenosis on the left. The latter 2 had posi- 
tive renograms with a decreased vascular 
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Fic. 2. Lung Interference. The left renal probe, if positioned high, may detect radioactivity in the 
pulmonary circulation. This will obscure the appearance of the vascular bolus in the renal bed. 
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Fic. 3. Aortic and/or Splenic Interference. The left renal probe may detect aortic or splenic (artery or pulp) 
radioactivity in addition to renal bed filling. This will cause the recording to deflect high before returning to 
the true vascular plateau and thus obscure the vascular peak. 


height in one case and an abnormality of the 
secretory and excretory phases in the other 
(prolongation of the halt-times). 

Perhaps the inability to correct the vas- 
cular artefact is due to additional interfer- 
ence from the mesenteric arteries. These 
artefacts make the left vascular phase uninter- 
pretable. In 9 cases of left renal artery steno- 
sis and 14 cases of bilateral renal artery 
disease, the left vascular phase was pro- 
longed. 


PRECAUTIONS IN INTERPRETATION 
OF RENOGRAMS 


1. The deflection recorded during the 
vascular phase should be at least half of full 
scale in height. With less than this, one is 
more likelv to misinterpret the recording 
fluctuations which are inherent in the ma- 
chine. With low vascular deflection, it 1s 
also possible to miss the sometimes subtle 
appearance of the bolus and its subsequent 
vascular phase peaking. 

2. Lack of evidence of secretory activity 
in the recording does not necessarily mean 
there is no viable renal tissue. Approxi- 


mately 1 of the normal functioning renal 
mass is necessary for detection above the 
renal flank arterial flow. This assumption is 
based on observations in several cases of 
partial renal infarction in which viable 
renal tissue was estimated at the time of 
surgerv by injection of contrast media dves 
intra-arterially. 

3. For adequate interpretation of the 
vascular phase of the renogram, a good 
aortic bolus recording is necessary for the 
same reasons listed in 1. 


CASE MATERIAL 


Fifty-one patients with suspected reno- 
vascular hypertension were examined by 
excretory urography, renography and renal 
arteriography. Thirty-one of these cases 
have been reported elsewhere.* 

Ten patients had normal renal arterio- 
grams; 27 had unilateral renal arterial dis- 
ease (15 right, 12 left) and 14 had bilateral 
renal arterial disease. 

The excretory urogram, using the re- 
ported? urographic criteria for suspected 
renovascular hypertension, was suggestive 
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of renal vascular disease in 3 of ro normals. 
There were no false positive renograms. 

The pu urogram was falsely nega- 
tive in § of the 27 cases of unilateral disease 
and in 3 of the 14 with bilateral renal vascu- 
lar disease: Six of these 8 false negatives 
occurred before the introduction of minute 
pyelography (roentgenograms taken every 
minute after the rapid intravenous injec- 
tion of contrast material). The renogram 
was falsely negative in 3 cases of unilateral 
disease, all of which were partial renal 
infarction. The excretory urogram was also 
falsely negative in one of these 3 cases. 

In 10 cases of renovascular hypertension, 
the accelerated vascular phase demon- 
strated the only renographic abnormality 
with delay of the vascular peaking as com- 
pared to the aortic probe recording. 

The over-all accuracy of the diagnostic 
procedures in the §1 cases is as follows: 

Conventional renography (1 chart speed—2 renal 

probes) 

BUDE ST. los 76.5 per cent accuracy 


Modified renography (2 chart speeds—2 renal 
probes—1 aortic probe) 


ก บ ส ied ace 94.0 per cent accuracy 
Conventional excretory urography 
BOOMS pci doses .78.4 per cent accuracy 


Modified renography plus modified excretory urog- 
raphy (minute pyelography) 
เค ง T, oues ..98.0 per cent accuracy 


In our experience renography was more 
consistent in providing evidence of renal 
arterial disease than excretory urography. 
The introduction of minute pyelography 
and the re-evaluation of the diagnostic 
urographic signs have improved the ac- 
curacy of excretory urography.? 

Together, urographv and renography 
offer an accurate screening of the hvper- 
tensive population for renal arteriography. 


LIMITATIONS OF RENOGRAPHY 


A persistence of a vascular artefact on 
the left, after attempts to correct it have 
proved futile, may result in missing a renal 
artery stenosis, if the renogram shows no 
associated secretory or excretory abnormal- 
ities. 

The renogram is incapable of distin- 
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guishing between correctable large renal 
artery stenosis and uncorrectable diffuse 
small artery disease. 

3. In cases of renal infarction of a mild to 
moderate degree, the renal scan and excre- 
tory urography with retrograde pyelogra- 
phy are superior to renography. Our 3 
false negative renograms were instances of 
partial renal infarction. 


SUMMARY AND CONCLUSIONS 


1. The acceleration of the vascular phase 
recording (fast chart speed) of renography 
increases the diagnostic accuracy of the 
examination in renovascular hypertension. 
In 10 of 41 cases of renovascular hyperten- 
sion, it was the only renographic abnormal- 
ity. The over-all accuracy of modified re- 
ME raphy was 94 per cent. 

Renography and urography together 
offer a more complete and accurate (98 per 
cent) screening procedure in indicating 
patients for renal arteriography than either 
alone. 

3. If the inherent limitations of modified 
renography are recognized and the examina- 
tion is done carefully with due attention to 
its technical pitfalls, then it is an accurate, 
reliable and helpful procedure. 


Department of Radiology 

Wake Forest College 

The Bowman Gray School of Medicine 
Winston-Salem 7, North Carolina 


The author is deeply indebted to Dr. J. E. 
Whitley, Mr. R. L. Witcofski and Dr. I. 
Meschan for the original work done on modified 
renography and for many of the ideas contained 
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edge the help and guidance of Drs. Meschan 
and Whitley 1 ก the preparation of this manu- 
script. 


REFERENCES 


1. Brown, J. J, Peart, W. S., Owen, K., ROBERT- 
son, J. I. 5., and Su E D. Diagnosis and 
treatment of renal-artery stenosis. Brit, M. 7., 
1960, 2, 327-338. 

2: Mac Tp. Deyron, W. E., and Grenn, J. F. 
Minute sequence py ฯ ram, Am. J. ROENT- 
GENOL,, Rap. THERAPY & Nuc tear Men., 1963, 
90, 56-62. 

3. Morris, G. C. Personal communication. 


140 James L. Quinn, HI โฆ ย ห , 1963 


4. Pourasse, E. F, Dustan, H., and Pace, I. H. 7. Wurzrev, J. E., Wrrcorski, R. L., Mescuan, L, 


Surgical treatment of hypertension due to renal and Ferrs, J. H. Experimental comparison of 
vascular lesions. M. Clin. North America, 1961, ortho-iodohippuric acid and iodopyracet in 
45, 479-486. renal function evaluation. Radiology, 1961, 76, 
5. Tostan, L., Jr. Effect of salt on kidney and juxta- 464—466. 
glomerular apparatus. 4m. Y. Cardiol, 1961, 8, 8. Wircorski, R. L., Wairtey, J. E., MESCHAN, I, 
684-687. and Painter, W. E. Method and parameters 
6. WurrLEv, J. E., Wircorsxr, R. L., Quinn, J. L., for analysis of renal function by external scintil- 
IH, and Mescuan, I. Radiologic diagnosis of lation detector technic. Radiology, 1961, 76, 
renovascular hypertension. Radiology, 1962, 78, 621—627. 


4147423. 





Vor. 90, No. 1 


IHE EFFECTS OF APPREHENSION ON 
IHE RADIORENOGRAM* 
By JOSEPH K. ISLEY, Jr.,f GEORGE J. BAYLIN, WILLIAM J. A. DEMARIA, 
KATHRYN W. SHARPE, and AARON P. SANDERS 


DURHAM, NORTH CAROLINA 


HE radioactive renogram has been 

used at this and other institutions since 
1955. This procedure was first described in 
the literature in 1956 by Winter? who util- 
ized I labeled diodrast. 

Renography, in general, has proven itself 
to be worthwhile in the evaluation of sev- 
eral types of renal disease, especially in the 
screening of those hypertensive patients 
with unilateral malfunction. Other diagnos- 
tic applications of renography have been 
reported in several reviews of the sub- 
ject.^5.47,10,n 

Experience in this institution has shown 
that several factors other than renal disease 
or urinary tract abnormalities may affect 
the renogram. Under such conditions, it is 
possible that errors in interpretation of the 
renogram may result. Many patients mani- 
fest marked apprehension with respect to 
the procedure, often highlighted by concern 
over the problem of radioactivity. Usually, 
the fears and anxieties are allayed once the 
test 1s performed and completed. Because 
the first test was so often considered to be 
abnormal, it was decided to perform two 
renographies on each patient in order to 
assess, if possible, the effects of fear, anxi- 
ety, apprehension, etc., on the resultant 
renogram. Twenty-one hypertensive pa- 
tients were used in this study. 


TECHNIQUE OF STUDY 


No attempt was made to alter the state 
of hydration of our patients prior to the 
study. They were placed in a prone position 
on the examining table. A lead collimated 
probe with a sodium iodide (TI) crystal was 
directed to each kidney area. The face of 


the scintillation crystal was located 4 inches 
trom the leading edge of the probe, which 
was placed in close approximation with the 
skin. The field diameter at 3 inches from 
the leading edge of the probe was 7 inches. 
This is the approximate depth of the kid- 
ney. The output of each detector was chan- 
neled through the count rate meter, then to 
a strip chart recorder which continuously 
recorded the activity levels seen by the 
probe. Each detector was standardized to 
give Ios K counts per minute when a 3.75 
uc source of I! was placed at the leading 
edge of the probe. A scale of 50 K was used 
to record the activity of the renogram. 
After placing one detector over each kid- 
ney, the patient was given 4.2 uc of I?! 
labeled hippuric acid intravenously per 
liter of blood volume. The blood volume 
was determined from the height-weight of 
the patients, using the charts by Hidalgo.? 
The total volume of the labeled hippuric 
acid varied from 0.25 to 0.75 cc. 

A recorder speed of 12 inches per minute 
and a count rate meter time constant of 0.5 
seconds were used for the first 30 seconds 
after the initial rise of the curve of the reno- 
gram. The recorder speed was then changed 
to 12 inches per hour and the time constant 
of the count rate meter to 2.0 seconds. 

Twenty minutes after the injection of the 
radioactive material, or at the time the 
level of radioactivitv in the renal region had 
become relatively constant, another injec- 
tion of I! labeled hippuric acid was given. 
The technique was the same as that de- 
scribed above; neither the patient nor the 
instruments were moved. Thus, the second 
studv was identical to the first except that 
the base line of radioactivity was altered. 


* From the Department of Radiology and the Department of Pediatrics, Duke University Medical Center, Durham, North Carolina. 
T Now at the Department of Radiology, Lee Memorial Hospital, Fort Myers, Florida. 
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TABLE 1 


DIFFERENCES OBSERVED ON RENOGRAMS I AND II 
OF SIMILAR APPEARANCE 





Right Kidney Left Kidney 











Average Difference 





Height 3.5 mm. 4.0 mm. 

Time ๐ .8 min. o.8 min. 
Standard Deviation 

Height 1.08 mm. I.12 mm. 

Time ๐ .25 min. 0:27 min. 
Range 

Height o-g mm. ๐ -9 mm. 

Time O-2.5 min. O-2.1 min. 

RESULTS 


In 9 of the 21 hypertensive patients 
studied, it was found that the first reno- 
gram differed from the second renogram. In 
6 of these, the first renogram was irregular 
and abnormal, showing a change in the 
elevation of the peak of the curve with a 
decreased excretory phase. This suggested 
the changes seen in hvdronephrosis. Most 
generally, there was simply a halt in the 
ascending portion of the curve during the 
time of apparent anxiety. These changes 
were unilateral in 2 cases and bilateral in 7. 
Three patients showed anxiety during the 
second study with subsequent alteration of 
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the renogram. All of these patients had at 
least one renogram which showed hyper- 
tensive type curves without other changes. 
This was taken as their basic renal pattern. 

Measurements were carried out on all of 
these renograms, using the 30 second level 
of the curve as the blood radioactivity level 
in the renal area. Concentration peaks were 
measured as to time of occurrence and 
height, similar to the method described by 
Krueger e£ al Table 1 shows the average 
differences in these factors between the 
first and second renograms of those whom 
we considered to show no change. It also 
shows the average difference in the right 
and left kidnevs in the same group. 

Table 11 shows the difference in value for 
the cases which demonstrated a change 
between studies. In all of these cases, this 
change was accompanied bv overt evidence 
of anxietv, irritabilitv or fatigue of the 
patient. 

Figure 1 shows the curves of a patient 
with hypertension and no apparent evi- 
dence of anxiety. Depression and rounding 
of the peaks, as well as the relatively grad- 
ual ascent of the concentration phase, may 
be seen. The points of measurement used to 
evaluate the curve are also designated in 
this figure. 


Taste II 


DIFFERENCES OBSERVED ON RENOGRAMS I AND II 























Right Kidney 
" : Height 
Case No. (mm.) 
Renogram I I I 
F61806 if 13 $i 
F62686 22 13 4 
56681 46 36 7 
l' 59970 37 49 1 ๐ 
F617o1 38 2I 4 
E99649 28 2I F, 
F56554 40 47 5. 
F50481 36 42 re 
F62105 15 16 4 
E9961 23 24. 12 
D91033 25 35 5 








Left Kidney 














Time Height Time 
(min.) (mm.) (min.) 
I] I H I I] 
9 2.9 25 19 2.7 2.9 
.O 2.5 — 26 k 4.6 
3 5.0 ๐ ๐ ๐ ๐ 
. ๐ 4.8 25 33 31 4.0 
8 Aad 44 20 6.4 5. 
9 2.9 2 4.2 34 
4 5.8 33 49 4.8 5.8 
3 10.8 45 50 5.2 = 
.O 5.0 17 18 2.9 220 
>I 10.0 18 16 $£.0 6.7 
a 5.8 59 ร 3.1 à. 
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RENOGRAM NO.I 


Fic. 1. Note the similarity of the 
curves and the similarity of the 
measurements of the peaks of 
the curves on the two reno- 
grams. This patient showed no 
outward manifestation of anxi- 
ety during the examination. 


DISCUSSION 


We have observed that some patients 
entered the radioisotope laboratorv with 
considerable apprehension about the radio- 
isotopic renographic procedure. During the 
initial study 1t became apparent to most of 
the patients that the procedure was essen- 
tially innocuous. We believe that when the 
initial renogram is other than normal it is 
imperative that a second renogram be made 
so as to eliminate, if possible, the effect of 
anxietv. 

In all patients who overtly exhibited 
anxiety, changes were found between the 
first and second renogram curves. Changes 
were also noted between the first and sec- 
ond renogram in some patients who out- 
wardly appeared to be relaxed. The largest 
group of our series however, 11 of 21, dis- 
played no obvious manifestations of anxi- 
ety or fear, and in these the second reno- 
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gram was essentially a duplicate of the first. 
Thus, we believe, it is important to have 
the patients as relaxed as possible without 
sedation and we prefer to perform two 
renographic studies routinely. 

In evaluating these studies, we have 
utilized the 30 second level of the curve as 
an indication of the vascular level in the 
renal area prior to concentration. Wax and 
McDonald’ found this to be fairly accurate 
as ล blood radioactivity level in the renal 
vascular bed. Using this as a zero concen- 
tration point, measurements are made to 
the height and time of occurrence of the 
peak of the curve. The changes we have 
observed in some of these patients exhibit- 
ing fear resembled those seen in hydro- 
nephrosis; namely, an absence or delav in 
the initiation of the excretory phase. This is 
shown in Figure 2. If the anxiety appeared 
during the excretory phase, there was usu- 


144 Isley, Baylin, DeMaria, Sharpe and Sanders Jey, 1963 


RENOGRAM NO. | 





Fic. 3. Note the double peak on 
the right in the first renogram. 
There are similar changes al- 
though not as marked on the 
left. The second renogram, we 
believe, represents the basic 
renal pattern. 


RENOGRAM ‘NO. 2 








Fic. 2. Note the prolonged eleva- 
tion of the peak on the right in 
the first renogram. There also is 
some change on the left in the 
first renogram. 
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RENOGRAM NO | RENOGRAM NO. 2 


FIG. 4. Note the attempt at a 
second peak formation on the 
right in the first renogram. This 
patient had a previous nephrec- 
tomy on the left. 





RENOGRAM NO.I RENOGRAM NO. 2 























== Fic. 5. Note the depression of 
= the curve on the right in the 
second renogram. Irregularities 
are also seen on the left in this 
renogram. This patient became 
very uncomfortable during this 
period and complained bitterly 
about the length of the proce- 
dure. 
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ally a halt in the downward trend, and in 
some instances an actual increase in radio- 
activity was observed. This resulted in a 
second peak as seen in Figures 3 and 4. In 3 
of these patients we observed a depression 
of the curve. An example of this is shown in 
Figure 5. 

The relationship between renal function 
and the emotional state has long been rec- 
ognized, as has the relationship between 
hypertension and the emotions. In observ- 
ing the renogram curves, one must be suspi- 
cious that emotional factors are important 
in the production of abnormalities. It 1S 
also quite possible that the subjects show- 
ing such abnormalities are demonstrating 
the receptiveness of the renal system to 
emotional distress. We have, however, 
observed similar changes in the renograms 
of normal young adults who experienced 
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some emotional upset during tl 
with the hypertensive patients 
simplicty of the test was reali: 
normal subjects, the repeat ren 
noted to be in the normal ran 
seen in Figure 6 which shows t! 
observed in the normal case. 
The inequality of right and | 
in a series of hypertensive p: 
pointed out by Baldwin eż a/.,' 
using chemical techniques, fun 
parity in 40 of 5o cases. Our 1 
dissimilaritv between the rigl 
renogram curves in this series 6 
sive patients was 9 of 21 in the 
and 1 ๐ of 21 in the second as det 
the over-all interpretation of 
The incidence of such changes ir 
patients remains to be determi 
significance of such a change in 


RENOGRAM NO.2 


RIGHT 


Fic. 6. Normal 
experienced fear 


LEFT 





RENOGRAM NO. | 


RIGHT 


Fic. 7. Dehydrated subject. Note 
the rounding of the curve with a 
delayed peak and a slow des- 
cending portion of the curve. 
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RENOGRAM NO.2 


RIGHT 





LEFT 





individual also remains to be evaluated. 
The possibility of demonstrating a sub- 
clinical hypertensive, or demonstrating the 
presence of the constitutional make-up of a 
hypertensive, by the indirect action of fear 
on the renogram, must be considered. At 
present this obviouslv is no more than 
speculation. 

There are other factors which can alter 
the appearance of the renogram curves. 
The effects of the position of the patient 
and relative position of the detector con- 
ceivably could play a role in the resultant 
renogram. ไท work thus far performed, we 
have been able to see no significant differ- 
ence between the renograms obtained from 
the subject in a sitting position as compared 
with those made in the prone position. It 
has likewise been observed that with our 
detector placed perpendicular with respect 
to the axis of the patient's body, the detec- 
tor may be moved 5$ cm. off center in either 


the 


direction without markedly changing 
resultant renogram curve. 

Initial studies performed on the effects of 
dehydration versus normal hydration of a 
subject on the renogram curves gave the 
results that would be anticipated. Water 
deprivation caused a significant change in 
the excretory portion of the renogram. This 
was marked by a slow and irregular descent 
of the curve. A representative case is shown 
in Figure 7. One would anticipate that with 
the reduced volume of urine in the collect- 
ing ducts the transit time of the radioactive 
material through the kidney would be 
longer. This would result in a longer con- 
centration phase and an apparent slowing 
down of the excretory portion of the reno- 
gram. 

All of the information thus far obtained 
serves to emphasize the point that the 
interpretation of any abnormally appearing 
renogram should be done with caution. In 
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fact, unless the investigator can be certain 
of the absence of any of these variables, a 
repeat study should be performed before 
concluding that the observed irregularity is 
real. 


SUMMARY AND CONCLUSIONS 


I. A series of 21 patients with hyperten- 
sion was studied by radioactive renogra- 
phy. 

2. Emotional distress in hypertensive 
humans may significantly alter all three 
components of the renogram. Similar alter- 
ation in the renogram due to emotional 
distress has been observed in normal sub- 
jects. 

3. Emotional distress was not observed 
in those patients showing duplication of the 
curves. 

4. Dehydration in normal subjects may 
significantly alter the renogram. 

5. Itis recommended that those patients 
showing an abnormal renogram on the 
initial study have a second studv immedi- 
atelv in order to minimize the possible 
effect of emotional distress. 


Joseph K. Isley, Jr., M.D. 
X-Ray Department 

Lee Memorial Hospital 
Ft. Myers, Florida 
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IHE ISOTOPE RENOGRAM IN CARCINOMA 
| OF THE CERVIX* 
A PRELIMINARY REPORT 


By STANLEY DISCHE, M.D.,f LAWRENCE CAPLAN, M.D.,t 


and SIMON KRAMER, M.D.§ 


PHILADELPHIA, PENNSYLVANIA 


RETERAL obstruction in patients 

with carcinoma of the cervix is a com- 
mon complication which, bv leading to im- 
pairment of renal function, provides the 
most frequent cause of death.^?5? Rhamy 
and Stander’ reported that only 40 per cent 
of carcinoma of the cervix cases showing 
abnormal pretreatment pvelograms sur- 
vived I vear after the completion of 
therapy as opposed to 81 per cent of those 
with normal studies. Thev showed that 
abnormal pyelographic findings, regardless 
of the stage of the disease, prior to the insti- 
tution of therapy decreased the chance of a 
I year survival by at least so per cent. 
Other workers? 7 have reported similar 
findings. 

Ureteral obstruction may first be recog- 
nized only after completion of therapy. 
Kerr’ found that of all the cases showing 
ureteral obstruction, so per cent became 
evident after therapy had been completed. 
In the majority of these cases, the cause is 
recurrent neoplasm, but in some, post- 
irradiation fibrosis is responsible. Early 
recognition of ureteral obstruction is im- 
portant in such patients in order that ap- 
propriate treatment may be instituted be- 
fore renal function is seriously affected. To 
detect ureteral obstruction as early as pos- 
sible, serial intravenous urography is often 
performed during the follow-up period. This 
study, however, is expensive and time-con- 
suming, requiring preparation of the pa- 
tient and carrying with it a certain mor- 
bidity due to iodine sensitivity. In view of 
these considerations, we felt that isotope 
renography might prove to be a procedure 
of value in this condition. 


Isotope renography was first performed 
by Winter" in 1955. At that time diodrast 
labeled with iodine 131 was given intra- 
venously. The concentration and excretion 
of this agent were followed by paired radia- 
tion detectors which were placed over each 
kidney. The purpose was to assess indi- 
vidual renal function bv a simple external 
technique. Early studies with diodrast and 
other similar agents were not too successful 
because the selective concentration of the 
agent in the liver, as well as in the kidnevs, 
led to false results, particularly on the right 
side. In 19:9 hippuran (sodium ortho- 
iodo-hippurate) labeled with iodine 131 
was introduced by Nordyke ef al? This 
proved to be a great improvement because 
this agent was concentrated solely in the 
kidnevs. 

Isotope renography not only gives an 
estimate of renal function, but also indi- 
cates the rapidity of drainage of urine from 
the renal pelvis. The findings in ureteral 
obstruction have been described by Winter 
and other workers.?.?.'? Zum Winkel e a/.! 
reported the use of isotope renography in a 
number of patients with malignant condi- 
tions in whom ureteral obstruction oc- 
curred. In this group were included 32 cases 
of carcinoma of the cervix. 

A review of the literature and our early 
experience with isotope renography led us 
to believe that it might prove to be more 
sensitive than intravenous urography in the 
detection of ureteral obstruction. The sim- 
plicity of the test and the absence of anv 
need for prior preparation of the patient 
make it possible to perform serial studies 
easily. To date, 475 isotope renographies 


* From the Division of Radiation Therapy, Department of Radiology, Tefferson Medical College Hospital, Philadelphia, Pennsyl- 


vanja. 
T Now at The Middlesex Hospital, London W.1, England, 
f National Cancer Institute Fellow, 
$ Professor of Radiology, 
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have been performed and in no patient was 
iodine sensitivity or any other complication 
encountered. 


TECHNIQUE 


The patient is placed in the prone posi- 
tion and an initial tracer dose of 2 uc of 
hippuran I? is given intravenously. The 
position of the kidneys can then be found 
by moving the paired shielded scintillation 
crystals until the region of maximum ac- 
tivity on both sides is located. A full test 
dose calculated on the basis of t uc per 3 
kg. is given after a short interval, and the 
rise and fall of activity over the kidneys are 
recorded on dual rate meters and strip re- 
corders. Usually, a period of 15 minutes 1s 
adequate to complete the study. 

The renogram curve recorded on the strip 
recorder is à complex one; 1ts characteris- 
tics have been reported by Winter and 
other workers.?/?* In Figure 1 a series of 
renograms obtained in this study are pre- 
sented. In the normal curve, three portions 
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are distinguished and these are termed the 
vascular, functional, and drainage phases. 
Following injection, the high level of 
activity in the blood 1s reflected bv rapidly 
rising count rates over vascular organs 
such as the kidnev. The maximum of this 
vascular phase is usually reached 1n 1 min- 
ute. The activity in the kidney then pro- 
ceeds to rise further because of selective 
concentration and the peak is reached 
usually in 3 to § minutes, indicating com- 
pletion of the functional phase. The fall 
which then follows is due to drainage of 
hippuraa I?! from the renal pelvis down the 
ureter into the bladder. When there is 
ureteral obstruction, the fall is delaved. 
Two such examples are shown in Figure 1. 
Where there is impaired function, the 
second phase shows a slower rise and a 
lower peak. The combination of impaired 
functior and drainage is also illustrated. 
When z kidney is absent or completely 
functiorless, only a vascular peak, followed 
by a slow, steady fall as the hippuran I 
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Fic. 1. Typical isotope renogram patterns ebtained in this study. 
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is concentrated in the remaining kidney 
and a reduced blood level are observed. 

Where these abnormalities are clear-cut, 
there is no difficulty in classification. In 
common with other workers, we have been 
troubled bv "borderline curves." The math- 
ematical criteria which have been advo- 
cated have not proven satisfactory in our 
hands, largely because of difficulty in defini- 
tion of reference points in abnormal trac- 
ings and also because of the influence of the 
function of one kidney upon the other.>™ 
In defining impaired. drainage, provided 
that the function is normal, we have calcu- 
lated the decrease in activity from the peak 
to that observed at 15 minutes and have 
arbitrarily set a 40 per cent fall as the 
borderline between normal and delayed 
drainage. There are, however, cases where 
drainage is impaired for as late as 15 min- 
utes but where there is then a sudden, 
steep fall in activity. In these cases spasm 
in the upper urinary tract has been thought 
to be responsible. At this time these cases 
are regarded as “normal,” but follow-up 
examination 1s considered extremely impor- 
tant. 

MATERIAL 


Our patients fall into four groups: 

Group r. Patients with carcinoma of the 
cervix who had completed treatment more 
than 3 months prior to the study. There 
were 9 ๐ patients in this group. 

Group 11. In ṣo of the patients included 
เท Group 1, we performed intravenous 
urography within 1 week of isotope renog- 
raphy in order to make a comparison of 
the two techniques. There was no selection 
on clinical grounds. 

Group nī. New patients with carcinoma 
of the cervix. There were 17 in all; in 
some repeat studies were made during 
treatment and in others after therapv had 
been concluded. 

Group 1v. A “control” group of 137 pa- 
tients with hypertension who were referred 
to us for Isotope renographv as part of their 
routine studv. 


RESULTS AND DISCUSSION 


The findings on the isotope renograms of 
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FINDINGS ON ISOTOPE RENOGRAMS OF 9O PATIENTS 
TREATED FOR CARCINOMA OF THE CERVIX 
MORE THAN 3} MONTHS PREVIOUSLY 


i 


|; Bilaterally | Unilaterally, Bilaterally | 





Stage Normal | Abnormal | Abnormal p otal 
2 1 ง ๐ ง 9 NACE “141 โ 0 | —— YE is tn 2 0 
1 28 4 | 3 | 4s 
ไร 13 IO 7 6 | 29 
Ul 8 i | 5 d 14 
Iv — 20 | — | a 


อ 0 31111+1++1 โ 7 1+++++11 ั 1++111 ฯ ๐ “53 up m 


Total | 49 (54.496) | 27 (30.0%) | 14 (15.6%) | 9 ๐ 
the go patients in Group 1, that is, those 
patients treated for carcinoma of the cervix 
more than 3 months previouslv, are shown 
in Table r. It will be seen that in 24.4 per 
cent both kidnevs showed normal reno- 
grams. In 30 per cent there was a unilateral 
abnormality, and in 15.6 per cent this was 
bilateral. 

Table 11 shows an analysis of the ss ab- 
normal renograms. By including the 35 pa- 
tients with impaired drainage alone, the 8 
showing impairment of function and drain- 
age and the 6 with nephrectomy patterns as 
a result of longstanding obstruction, we 
find that drainage abnormality was de- 
tected in 49 of the $5 kidneys, that is, in 8g 
per cent. 

In 21 patients we were able to repeat the 
study at least once, the interval varving 
from 1 to r4 months after the initial studv 
(Table 111). Of interest are the 7 cases where 
a change had occurred. In onlv 2 have we, 
so far, been able to obtain corroborative 
clinical evidence of ureteral obstruction. In 
both cases this was due to recurrence; in 1 
patient with recurrence in the trigone of 
the bladder, the urogram remained normal, 
while the renogram changed to show bi- 
lateral delayed drainage. 

The results of the comparison between 
isotope renography and intravenous urog- 
raphy performed upon the so patients in 
Group 11 are shown in Table iv. In 33 kid- 
nevs there was a discrepancv between the 
findings in the two studies. There was de- 
laved drainage in the isotope renogram in 
25 of these, but no evidence of ureteral ob- 
struction on the intravenous pyelogram. 
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ANALYSIS OF THE §§ ABNORMAL ISOTOPE RENOGRAMS OF GO PATIENTS TREATED FOR 
CARCINOMA OF THE CERVIX MORE THAN 3 MONTHS PREVIOUSLY 
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otage NT | | dd | MT : | E 
MBE | Normal | Impaired | Normal Pattern | ot 
EM » i ex " a i 
| Function | Function | Drainage | 
| - ———————— ง ง งง 5++ ห 1 ๐0 jo Fae ve ——— | PM EE basa oe a 
| . 2 > | ^ 
1 | 14 | 2 [ 1 | 20 
ii | 1 A | น 4 | 
IH | 5 Be € mm : | FI 
iv Ko ws II C 1 i | Y 
Total | 55 (63.6%) | — 8 (14.6%) 4(7 2%) * (14.6%) T 


* Surgical nephrectomy-—1 patient, Congenital renal abnormality 


Onlv 1 kidnev out of a total of 100 studied 
showed a normal renogram and evidence of 
ureteral obstruction on the urogram. In the 
remaining 7 kidneys, the discrepancy was 
due to the detection of calvceal abnormal- 
ity on the urogram or functional impair- 
ment on the renogram. This must be ex- 
pected because each test recognizes a differ- 
ent range of conditions, and where these do 
not overlap discrepancy will be noted be- 
tween the studies. 

In 17 new cases with carcinoma of the 
cervix, comprising our Group HI, we were 
able to make the same comparison, and the 
results are shown in Table v. The intra- 
venous urogram showed ureteral obstruc- 
tion in onlv 1 of the 34 kidnevs studied, 


Taste IH 


REPEAT FOLLOW-UP ISOTOPE RENOGRAM 





INO OP atlents tot eese ees 21 
No. of Studies............. 0 4 
a 7 ็ เ I to 14 months 
Similar Findings.. ove ba 14 
Bilaterally Normal... ......... 12 
Bilateral Delayed Drainage..... 2 
Change in Findings.............. 7 
Unilateral Delayed Drainage 
Changing to Bilateral........ 2 
Bilateral Normal Changing to 
Bilateral Delayed Drainage... 3* 


Bilateral Normal Changing to 
Unilateral Delayed Drainage.. 1 
Unilateral Delayed Drainage 
Changing to Bilateral........ 


—————————————————————— ——P——— ้ ั ฟั น 1 31 ้ 7 1 ิ ~ 


= 


* Known progress of disease--1 patient, 
ไ Known progress of disease. 


whereas delaved drainage on the isotope 
renogrzm was noted in 1T. 

In all groups studied, delaved drainage 
was mere often detected on the right than 
on the lett. The significance of this observa- 
tion is aot known. 

In 8 patients we were able to repeat the 
studies during therapy (Table vr). In s the 
renogram remained unchanged, while in 3 
an alteration was observed. The intra- 
venous urogram was normal in 1 patient 
with a Stage ur tumor which extended 
down the left vaginal wall and out to the 
left pelvic wall. There was no significant 
induration in. the right parametrium, and 
cystoscopy revealed no evidence of bladder 
wall invasion; however, the isotope reno- 
gram showed impaired drainage on the 
right, and this persisted in two studies per- 
formed later during the course of treatment. 
A urogram made at the time of the last 
renogram was again reported as normal. 
The three renograms obtained are shown in 
Figure 2. Another patient with a Stage 1 
tumor whose intravenous urogram was also 
normal showed impaired drainage on the 
right or the initial isotope renogram and on 
one made after the first radium application. 
Two renograms obtained later during the 
course of treatment showed both kidnevs 
to be normal (Fig. 3). 

In 5 patients follow-up isotope renograms 
were made and these were compared with 
those made prior to treatment (Table vir). 
In 1 of the2 patients in whom a change was 


Vot: 96, No. i 
observed, a clinical picture of progression 
of disease was seen. 

In order to determine the significance of 
impaired drainage on the isotope renogram, 
we examined the records of 137 patients 
with hypertension who were referred to us 
for this study as part of their routine inves- 
tigation. In 14, or 10.1 per cent of these pa- 
tients, impairment of drainage was seen on 
the isotope renogram as the sole abnormal- 
ity. [n 1 patient this abnormality was noted 
on the record obtained from both kidnevs. 
Those instances of associated abnormality 
of function were not included. We were able 
to examine the intravenous urograms in 12 
of these 14 patients, and the results are 
shown in Table vr. In the 13 kidneys 
showing impairment of drainage with nor- 
mal function, only 5 showed a normal ap- 
pearance on the intravenous urogram. โท 6 
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there was caliectasis, consistent with 
chronic pyelitis. In 1 there was impairment 
of function, and in the remaining 1 the in- 
travenous urogram was interpreted as 
probable “medullary sponge kidney." Of 
the remaining 11 kidneys in these 12 pa- 
tients, 9 showed a normal appearance on 
the intravenous urogram. 

It was concluded that delayed drainage 
as observed on the renogram may be asso- 
ciated with changes on the urogram due to 
old pyelitis. We can speculate as to the 
cause and effect relationship here. The in- 
cidence of impaired drainage in the reno- 
gram without change in the urogram is low, 
even in hypertensive patients, who must be 
expected to show a higher incidence of renal 
abnormality than a normal population. In 
this series of 137 patients (274 kidnevs 
studied), 7 (including the 2 kidnevs not 


lABLE IV 


COMPARISON OF FINDINGS ON ISOTOPE RENOGRAM AND INTRAVENOUS UROGRAM IN SO PATIENTS 
WITH CARCINOMA OF THE CERVIX TREATED MORE THAN 3 MONTHS PREVIOUSLY 
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Findings in Disagreement 
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| Obstruc- Normal | Normal 
Normal | tion on | Normal Bs pe Uro a" 
oos Both Both Urogram |Renogram|Renogram Sri S Total 
side SANE Pomme Obstruc- | Other | Obstruc- Other 'mpaited 
Normal | Obstruc- Impaired foes U Ep Uro- |Function 
tion |Function ie a graphic on 
Renogram| graphic | Urogram | $. °F 
S srap = 
asthe Findings เพ 
1 Lt. 19| 1) 1) 2) | o) 2) ios 5 ๐ 
Ho E i p > I >l [4 (25 patients) 
Rt. DI OJ OJ 1 ๐ J I 2j 
11 Lt. 12) 3 I| 3| } 1 | ๐ 40 
(7 +a j1 +9 +2 — 2 Hl (20 patients) 
Rt. 5) gl OJ 6) / 1 r) 
ut Lt. 3) 2| — o) — — -- -- 10 
E a ผู (5 patients) 
Rt. 2 2 1 | 
Iv Lt. = = = = * g n = ๐ 
Rt. 
Total 52 13 2 22 I 6d | 100 
| | | (5o patients) 











a Nonfunction on renogram and urogram—2 kidneys. 





ee Ses 


» Obstruction on renogram and nonfunction on urogram—tr kidney. 
* Chronic pyelonephritis—2 kidneys; lateral deviation of pelvic ureter—1 kidney. 


4 Chronic pyelonephritis—all 6 kidneys. 


I54 Stanlev Dische, Lawrence Caplan and Simon Kramer JuLY, 1963 


TABLE V 


COMPARISON OF FINDINGS ON ISOTOPE RENOGRAM AND INTRAVENOUS UROGRAM OF 
34 KIDNEYS IN I7 PATIENTS WITH CARCINOMA OF THE CERVIX 







































































Findings in Agreement Findings in Disagreement 
Obstruction) ,. | 
i Normal Normal 
Stage Both Obstruction on Renogram Renogram | Renogram 
Both Showing Renogram Total 
Normal (Obstruction Ota Obstruc- Other 
Normal Urographic tion on Urographic 
Urogram Findings Urogram Findings 
i Lt. 7 | ๐ I| 16 
| | | ร 
n "2 [2a (8 patients) 
Rt 5) 2) 1 
| 
nie | 2 | I | 1 IO 
| 
5 [3 " (5 patients) 
Rt. 3 2) z 
uL 2| o| 4 
| | . 
| 3 p (2 patients) 
Rt. I | | | 
iv Lt. | ๐ [| | 2| 4 
| | , e 
cd sga | 2° (2 patients) 
Rt 1) ๐ o| 
Total 21 I 6 4 2 34 
(17 patients) 
ฉ Caliectasis. 
^ Multiple intrarenal filling defects: ? polycystic kidneys (1 patient). 
* Impaired function without obstruction on intravenous urogram. 
d Nonfunction secondary to obstruction on intravenous urogram. 
RIGHT RIGHT 


RIGHT 
LEFT LEFT 
LEFT 
 — —— — | 
^ 5 10 5 t 5 เ 0 เ 5 ^ 5 10 i5 
MINUTES MINUTES MINUTES 


Fic. 2. Renograms of a patient with Stage 111 carcinoma of the cervix made on April 27, 1962; May 15, 1962; 
and June 1, 1962. The intravenous pyelogram was reported on two occasions as normal. 
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TABLE VI 


FINDINGS IN PATIENTS HAVING REPEAT ISOTOPE 
RENOGRAMS DURING TREATMENT 








No. of Patients. st biota a ki 8 
No. OF SNO 7 โ โ ็ 79201 ื 2 t0 4 
Similar Findings. 52a esi vnasanvas te 5 
Bilaterally Normal.................... I 
Bilateral Delayed Drainage............ 2 
Unilateral Delayed Drainage........... 2 
Change in Renogram Findings............ 3 
Bilateral Delayed Drainage Changing to 
Unilateral.s2.6 bee uuu xS I 
Unilateral Delayed Drainage Changing 
to Bilateral. 2 rer Ei. I 
Transient Unilateral Delayed Drainage.. 1 





studied by intravenous urography), such 
renograms were obtained or an incidence 
of 2.5 per cent. 

In order to be certain that the associated 
changes noted above were not due to chance 
in a group of patients with a high incidence 
of renal abnormalities, we compared the 
Isotope renograms and the intravenous uro- 
grams of 50 hypertensive patients randomly 
selected after withdrawal of the 14 patients 
noted above. The results are shown in 


RIGHT 
AMA ge 
RIGHT 
LEFT 
an 
5 | 
| o 5 | 5 ๒ เธ 
MINUTES MINUTES 
RIGHT 
LEFT 
LEFT 
RIGHT 
| 5 ๒ ๐ 2 | 5 ๒ ๐ * 
0027723 . MINUTES 


lic. 3. Isotope renograms during treatment of a 
patient with Stage 1 carcinoma of the cervix ob- 
tained on March 2, 1961; March 7, 1961; March 
16, 1961; and April 13, 1961. The intravenous 
pyelogram was reported as normal. 
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Taste VII 


FOLLOW-UP ISOTOPE RENOGRAM COMPARED 
WITH PRETREATMENT RENOGRAM 








No. of Patients: voco to 5 
No, of Studies: war rns 2 
bnterval. io tc ac i 3 to Io months 
Similar Findings............... 3 
Bilaterally Normal........... 2 
Unilateral Delayed Drainage.. 1 
Change in Findings............ 2 
Bilateral Delayed Drainage 


Changing to Unilateral. . . . . | 
Unilateral Delayed Drainage 


Changing to Nonfunction... 1 





* Known progress of disease. 


Table rx. It can be seen that of 78 kidneys 
studied which were normal on renograms, 
73 appeared to be normal on urograms. 


CONCLUSIONS AND SUMMARY 


1. In a study of 103 patients with car- 
cinoma of the cervix on whom 152 isotope 
renograms were made, a high incidence of 
delayed drainage was found. Of go such 
patients, who were studied at least 3 
months after treatment had been com- 
pleted, 30 per cent showed unilateral ab- 
normality and 15.6 per cent a bilateral ab- 
normality. 

2. Delayed drainage was observed on 
isotope renograms in 36 per cent of 134 kid- 
neys of 17 new and so previously treated 
patients. Intravenous urography performed 
concurrently in so of these patients re- 
vealed ureteral obstruction in only 10.5 per 
cent. In only 1 of these did the urogram 
show ureteral obstruction when the reno- 
gram was normal. 


Tase VIII 


FINDINGS ON INTRAVENOUS UROGRAM IN I2 OF I4 
PATIENTS IN THE SERIES OF 137 PATIENTS WITH 
HYPERTENSION SHOWING DELAYED DRAINAGE 
WITH NORMAL FUNCTION IN I3 KIDNEYS 











No. of Kxdneys.. 0 I3 
เท ท เฟ เร 26646. | 
ซา = D ร ร ร ร ร ร ร ร ร ร ร ร ร ร ร ร ร น น น 1 6 
“Medullary Sponge Kidney”. ............... I 
เล พ ก ณี ไป ป บ ณั ค น Nace died อ ม ผอม ง 5 
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TABLE IX 


COMPARISON OF FINDINGS ON ISOTOPE RENOGRAM AND 
INTRAVENOUS UROGRAM IN 59 OF 137 RANDOMLY 
SELECTED HYPERTENSIVE PATIENTS NOT 
INCLUDED IN TABLE VIII 











Intravenous Urogram 























Renogram Nor- | Impairment Cali «| Total 
: ‘a as ota 
mal of Function EOLAIS : 
Normal 35 3 2 78 
Impaired | 

Function | 9 | ri^ 2 22 
Total 32 I4 4 1 ๐ ๐ 

(50 

patients) 














* Surgical nephrectomy. 


3. The results of repeat isotope renog- 
raphy during and after therapy and also 
repeat studies performed upon “follow-up” 
patients are presented. 

4. [n order to gain information as to the 
significance of the finding of delayed drain- 
age on the isotope renogram, a series of 137 
patients with hypertension was studied. It 
was found that the incidence of isolated de- 
laved drainage was no greater than 2.5 per 
cent. It was noted, however, that delayed 
drainage as seen on the isotope renogram 
mav be associated with changes observed 
on the urogram due to old pyelitis 

z. The true significance of the high in- 
cidence of delayed drainage which is de- 
tected on the isotope renogram must await 
long-term study. At this time, however, 
besides being a simple test to perform and 
very suitable for serial study, isotope renog- 
raphy appears to be a sensitive method for 
the detection of ureteral obstruction and 
therefore of value in the management of 
patients with carcinoma of the cervix. 


Simon Kramer, M.D. 

Department of Radiology 
Jefferson Medical College Hospital 
11th and Walnut Streets 
Philadelphia 7, Pennsylvania 
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TUBULAR LOADING AS A MEANS OF 


IMPROVING THE RADIORE? 


By W. J. A. DEMARIA, R. KRUEGER, A. P, SA} 





OGRAM* 


BAYLIN 





DERS, and G. J. 


DURHAM, NORTH CAROLINA 


๐ 587 in dogs have demonstrated 
that the uptake and excretion of the 
tracer dose of I'?! diodrast or hippuran used 
in standard radiorenography could appear 
normal although a significant decrease in 
renal function existed. It was further dem- 
onstrated that radiorenography could de- 
tect an impaired kidney if the tubular 
mechanism responsible for the drug’s secre- 
tion was initially saturated with a competi- 
tive substance.! This report describes the 
technique as applied to normal humans. 


METHOD 
Twenty-three healthy university stu- 


dents with no special pre-test preparation 
were studied in the following manner. 

Each subject was placed on a bed in a 
prone position. The location of the kidnevs 
was determined beforehand on an abdomi- 
nal roentgenogram. A 2 inch sodium iodide 
(TD scintillation crystal in a lead colli- 
mated probe was placed over each kidnev. 
Each detector was connected to a count 
rate meter and then to a rectilinear strip 
chart recorder. 

An intravenous infusion of 21 per cent 
dextrose in ๐ . 5 per cent saline was initiated 
and allowed to run at the rate of 1 ml. per 
minute. One microcurie per 3 kg. of bodv 
weight of I! labeled hippuric acid was 
injected throug zh the indwelling intravenous 
needle. The levels of radioactivity were 
recorded over each kidney. 


Following the control renogram, so ml. of 


20 per cent para-aminohippurate was in- 
jected through the infusion needle at a rate 
of 10 ml. per minute. Immediately after 
completion of the PAH injection, a second 
renogram was made, followed by two more 
renograms at 20 minute intervals. 


Plasma PAH levels were determined? 
immediately after each I hippuran injec- 
tion, 


RESULTS 
These studies showed minimal or no 
concentration of [3 hippuran in the 5 
minute post-loading renogram in all sub- 


jects. About 70 per cent demonstrated good 


concentration and secretion in the 20 min- 
ute post-loading renogram, and 95 per cent 
showed a return to normal bv the 40 minute 
post-loading renogram. Average PAH 
blood levels at the time of the 5, 20, and 4o 
minute post-loading renograms were 75, 35, 
and 17 mg. per cent, respectively. 

Figure 1 shows the results on a 23 vear 
old male experimental subject. The control 
renograms were within normal limits. The ชุ 
minute renogram following the PAH injec- 
tion showed complete absence of the con- 
centration portion of the curves and 
greatlv impaired excretory phase bilater- 
ally. The 20 minute renograms revealed a 
bilaterally equal return of tubular concen- 
tration, and the 45 minute renograms dem- 
onstrated a return to the control pattern. 

All subjects experienced a feeling of 
extreme “heat” during the injection of the 
PAH. Four subjects felt nauseated, but 
none vomited, and 3 had an urge to either 
urinate or defecate. Two subjects com- 
plained of transient headache. If any of 
these manifestations were poorly tolerated, 
the rate of injection was slowed until the 
subject was comfortable. As a result we 
advised the subjects to fast during the 4 
hours preceding the test and to empty the 
bladder just prior to the test. If it was nec- 
essary to slow the injection time beyond 8 
to Io minutes, the first postinjection reno- 


” From the Department of Pediatrics and Radiology, Duke University School of Medicine, Durham, North Carolina, 
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Fic. 1. WSM. Exp. 23 on a 23 year old male subject. 
Renogram showing the control curve at normal 
limits, absence of the concentration portion and 
an impaired excretion phase bilaterally at § min- 
utes, a bilaterally equal return of tubular concen- 
tration at 20 minutes and a normal pattern at 45 
minutes, 


gram would alreadv show some concentra- 
tion of the I?! hippuran. 


DISCUSSION 


At low blood levels (about 2 mg. per 
cent),  diodrast, ^ para-aminohippurate 
(PAH) and related chemicals are almost 
completely removed bv active renal trans- 
port mechanisms during one circulation 
through the kidneys. As the blood level of 
such substances is progressively increased, 
the tubular transport svstem &venedally 
becomes saturated. At this stage, the kid- 
nevs are working at their maximal tubular 
excretory capacity for the specific sub- 
stance. 

In view of the small amounts of diodrast 
or hippuran used in standard radiorenogra- 
phy, it was postulated that a significant 
amount of renal tissue could be functionally 
impaired and vet a normal appearing reno- 
gram would result. This has already been 
a in dogs prepared. by 0 แล on 


saturation of the tubular tango svstem 
with nonradioactive PAH followed bv three 


W.J. A. DeMaria, R. Krueger, A. P. Sanders and G. J. Baylin 


successive renograms made as the PAH 
blood level fell, the defective kidney was 
easily recognized when compared w ith the 
normal kidnev. 

This study shows that in most instances 
so ml. of 20 per cent PAH given intrave- 
nously in normal humans does block the 
uptake of D? hippuran utilized in radio- 
renography. Since the PAH was rapidly 
excreted, repeat renograms made at ap- 
proximately 20 and 40 minutes following 
the loading dose showed a return to the 
control renogram pattern. 

Although some individuals did become 
quite uncomfortable during the injection of 
the PAH, it was only necessary to slow the 
rate of injection, In such instances the first 
postinjection renogram may not show the 
flat renogram noted in the usual experi- 
ment. Howev er, in studies performed on 
patients with unilateral renal dysfunction, 
we have noted that the asymmetric recov- 
erv can be readily identified without com- 
plete tubular saturation with the PAH. 

We have applied the technique to both 
adults and children who were hospitalized 
for various renal and vascular conditions. 
In the latter group we have administered a 
dose which was calculated at approximately 
0.7 ml. of 20 per cent PAH per kg. of bodv 
weight. 

Application of this technique to large 
numbers of humans with various renal 
disorders is now in progress. 

W. J. A. DeMaria 

Department of Pediatrics 

Duke University Medical Center 
Durham, North Carolina 
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DEMONSTRATION OF LYMPHATIC ABNORMALITIES 
IN A PATIENT WITH CHYLURIA* 


By RICHARD D. KITTREDGE, 
M.D., 


THEODORE B. VAN ITALLIE, 


M.D., SAMI HASHIM, M.D., HARTVIG B. ROHOLT, 
M.D., 


and NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 


INCE chyluria is a rare condition, most 

previous reports have been presenta- 
tions of individual cases with literature re- 
views,5!!?! A large series of 45 cases has 
been reported by Yamauchi.” Five cases 
have been studied in detail at the Rocke- 
feller Institute." 

The purpose of this paper is to report a 
case of chyluria in which the lymphatic 
communication with the urinary tract has 
been documented roentgenographically. In 
addition, evidence for passage of the con- 
trast material directly from lymph channels 
into the urine has been obtained chemi- 
cally. 

Chyluria is characterized by the appear- 
ance of milky or creamy urine. The progno- 
sis depends not only on the primary disease 
but upon the severity of the chyluria 


state.? In addition to a variable content of 


lipid, the urine often contains red blood 
cells, white blood cells, and protein, some- 
times in a coagulum. If the chyluria is 
severe and persistent, secondary complica- 
tions of the disease will occur, manifested 
principally as weight loss and severe pro- 
tein depletion. Bladder irritation and 
urethral spasm secondarv to intraluminal 
genitourinary tract fibrin clot formation 
may result in much urinary discomfort and 
local tissue damage. 

It chyluric urine is allowed to stand, three 


layers are commonly seen: a top laver of 


white fatty material; a middle pinkish 
laver, often containing clots; and a bottom 
laver of blood and debris. Over go per cent 
of the fat is triglvceride. If a patient ex- 
hibiting chyluria is placed on a completely 
fat free diet, the urine rapidly loses its 
milky color and within a matter of days 
reverts to normal. Hashim e£ al.” effectively 


eliminated the lipiduria, proteinuria and 
hematuria in our patient by the administra- 
tion of a formula diet containing as its onlv 
source of fat a medium chain triglvceride 
(M.C.T.) of which the fattv acids are al- 
most entirely Cs: and C,,.,.? 

Many years ago, Sanes and Kahn” sug- 
gested that in some cases chvle might ob- 
tain entry into the genitourinary tract via 
glomerular secretion. Subsequent studies 
have failed to confirm this. 

The most widely accepted explanation ot 

chyluria at present is that originally pro- 
posed by Carter? in 1862 and Ackerman? 
in 1863. They postulated a block in one or 
more of the major vessels of the ly mphatic 
system draining the gut, or a block in the 
thoracic duct necessitating compensatory 
development of anastomotic vessels in the 
abdomen and pelvis. These dilated vari- 
cose-like anastomotic lymph vessels seek 
an outlet under an increased head of pres- 
sure and finally unite with the genitourin- 
ary tract lv mphatics. The pressure second- 
ary to the block is then relieved by retro- 
grade flow of ly mph from the gut and pelvis 
into the genitourinary tract lumen. Retro- 
grade pyelograms have shown dilated lvm- 
phatics on pyelolvmphatic backflow ;? 91420 
however, this technique did not provide the 
full anatomic picture of the lymphatic svs- 
tem involved. 

Various investigators??? have demon- 
strated and elucidated bv chemical means 
the fact that a gut-to-genitourinarv tract 
connection does exist in chvluria, but un . 

the development of lymphangiography i 
has not been possible to demonstrate Tm 
abnormal communication roentgenograph- 
ically. To our knowledge, the anastomotic 
lymphatic vessels which have been postu- 


* From the Radiology Department and the Metabolic Unit, St. Luke's Hospital, New York, New York, 
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lated to occur and which have been inferred 
from chemical studies have not been ade- 
quately visualized on roentgenograms. 

The etiologic classification of chyluria is 
usuallv considered under two categories, 
parasitic and ท อ ก ท ล ห ล ร 1016. Under the 
parasitic heading, the most common source 
of infestation would be filariasis (W. ban- 
crofti and W. malayi) +° Other less common 
causes are Echinococcus, Cysticercus cel- 
lulosae, Ascaris lumbricoides, and Malaria. 
In the nonparasitic category are thoracic 
duct obstruction caused by either trauma, 
abscess or neoplasm.!?!*.?? 


PATHOLOGY 

In filariasis the larval form 1s transmitted 
when the mosquito bites man. Once in the 
derma, the larvae enter lymphatics and 
ascend with the lymph to the regional 
lymph nodes. Maturity 1s attained within 
the large lymphatic vessels in the neighbor- 
hood of the lymph nodes or within the 
nodes themselves. The main damage in this 
disease is brought about by the adult 
worms. As long as the parasites remain 
alive, it is most probable that no serious 
damage is induced. The lymph vessels do 
exhibit a lymphangitis, but without ob- 
struction. Death of the worm provokes a 
granulomatous inflammatory reaction. La- 
ter central necrosis occurs and ultimately 
there is obliteration of the lymphatics by 
scarring. The response in the lymph node is 
similar when the worm dies. This, then, is 
the basic lesion in filariasis. The clinical 
course will depend on the degree of intes- 
tation.” 


REPORT OF A CASE 


A 62 year old Puerto Rican male was ad- 
mitted to St. Luke’s Hospital with a complaint 
of white urine of 30 years’ duration. This was 
intermittent at first but during the 2 years prior 
to admission had become constant and was 
associated with occasional pain and gross 
hematuria. Coagulum was present in the urine. 
During the previous year the patient had lost 
20 pounds. From the age of 12 to approximately 
47, the patient had had episodes of back, large 
joint, and inguinal pain, fever, and bilateral 
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inguinal lymph node swelling lasting 2 to 3 
days. The clinical diagnosis of filariasis (with- 
out laboratory confirmation) was made by 
Puerto Rican physicians when the patient. was 
vounger. The last attack was in 1954, at which 
time the patient already had well established 
chyluria. Intravenous and retrograde pyelo- 
grams were negative. On cystoscopy, chylous 
urine was seen in the urinary bladder. The 
bladder appeared normal. On admission the pa- 
tient had hypoalbuminemia which returned to 
normal on treatment. 

Laboratory Procedure. Vhe patient had been 
chyluria-free on the special medium chain tri- 
glyceride (M.C.T.) formula diet for 82 days 
prior to the performance of lymphangiography. 
No dietary changes were made immediately 
prior to, during, or after lymphangiography. 
Beginning approximately 12 hours after intra- 
lymphatic administration of ethiodol and con- 
tinuing for approximately 21 days, the patient’s 
urine showed varying degrees of cloudiness and 





following 


Fic. r. Immediate lymphangiogram 
lymphatic vessel injection shows a massively 
dilated vermiform plexus of lymphatic vessels. No 
lymph nodes of the iliac or para-aortic chains are 
seen. A major grouping of channels extends toward 
the midline anteriorly suggesting anastomosis with 
bladder lymphatics (arrow). Due to leakage of 
contrast material at injection on the left side, less 
vesssel network is seen when compared to the 
right side. 
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had a gross appearance which was identical with 
the chyluric urine previously passed on both 
"regular" and long chain fatty acid formula 
diets. With the passage of time and with the 
continuance of the M.C.T. formula diet,™’ the 
urine reverted to its previous chyle-free state. 

All urine passed during the first 72 hours 
after lymphography was collected and pooled. 
A single voided specimen passed 48 hours after 
the procedure, which was markedly chyluric on 
gross Inspection, was saved separately from the 
pooled specimen. Aliquot samples of the latter 
and of the total pool were concentrated by 
dialysis. Gas-liquid chromatographic studies 
were then performed on the urine dialysates and 
on a sample of the ethiodol. 

Lymphangiography. Lymphangiography was 
performed by the following method: after web 
injection of a staining material, alphazurine, 
an incision was made over the local lymphatic 





Itc. 2. Twenty-four hour lymphangiogram shows 
further passage of contrast material into the 
lymphatic plexus of the pelvic and lumbar area. 
No normal lymph nodes are seen in the pelvis 
despite large normal lymph nodes in the superficial 
inguinal area (arrows). Visualization on the left 
has improved and gross increase and tortuosity of 
the vessels are noted. Local dilatations reach 6 mm. 
in diameter. The fact that vessels remain filled at 
the end of 24 hours is in itself abnormal. 


Lymphatic Abnormalities with Chyluria 


161 





Fic. 3. The thoracic duct shows localized areas of 
dilatation filled with contrast material. Thethoracic 
duct normally is not visualized 24 hours after 
lymphangiography. 


channels and a lymphatic vessel in each foot 
was catheterized with a 27 gauge needle. Then, 
10 ml. of ethiodol was slowly injected over a 2 
hour period. 

Lymphangiograms taken immediately after 
injection showed normal lymphatic vessels of 
both extremities and infrainguinal areas. As the 
contrast medium entered the pelvic vessels, a 
massively dilated vermiform plexus of lymphat- 
ic channels was visualized. No lymph nodes of 
the iliac or para-aortic chains were well dem- 
onstrated. A major grouping of channels ex- 
tended toward the midline anteriorly, sug- 
gesting anastomosis with bladder lymphatics 
(Fig. 1). Contrast material was not observed 
above the mid-lumbar area. The thoracic duct, 
which is usually seen immediately in such pro- 
cedures, was not visualized. 
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Fic. 4.07) At 96 hours an intravenous pyelogram 
demonstrated lymphatic vessels in the capsular 
parenchymal and hilar areas of the left kidney. (B) 
Close-up view of the left kidnev. 
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Fic. 5. Oblique intravenous pyelogram at 96 hours of 
left kidney shows the dilated network of lymphatic 
vessels within the kidney. The thoracic duct with 
abnormal cystic dilatation is still seen. 


Twenty-four hour lymphangiograms showed 
further passage of the contrast material into the 
Iymphatic plexus of the pelvis and lumbar area 
(Fig. 2). Once again gross abnormalities were 
observed. There normal lymph 
nodes visible in the pelvis despite large normal 
lymph nodes in the superficial inguinal area. 
The lymphatic vessel network was grossly in- 
creased with marked tortuosity and local dila- 
tation up to 6 mm. in diameter. The vessels re- 
mained filled at the end of 24 hours, an ab- 
normal finding. Vessels filled toward the mid- 
anterior pelvis, suggesting anastomosis with 
bladder lymphatics. The thoracic duct showed 
localized areas of dilatation filled with contrast 
material. Normally, the thoracic duct is not 
visualized 24 hours after the performance of 
lymphangiography (Fig. 3). The patient was 
followed with daily lymphangiograms in order 
to evaluate the extremely slow progress of con- 
trast material in the lymphatic system. At 72 
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hours the lymphatic vessels filled in the left kid- 
ney area. At 96 hours an intravenous pyelo- 
gram disclosed lymphatic vessels at the pelvis 
in the left kidney (Fig. 4, 4 and B, 5 and 6) and 
the thoracic duct showed better hlling ith 
localized areas of dilatation (Fig. 5). Once again 
normal lymph nodes were not demonstrated in 
the iliac or para-aortic areas. It was believed 
that this series of roentgenograms provided 
good visualization of the fistulous connection 
between the lymphatic system and the urinary 
tract, principally the para-aortic lymphatics 
and the left kidney. 

len days following lymphangiography, 
marked varicose-like dilated vessels still were 
well seen. Contrast material had started to 
collect in the hilar area of the left kidney in 
large saccular collections (Fig. 7). Thirty days 


Fic. 6. Lateral intravenous pyelogram at 96 
hours shows abnormal lymphatic network. 
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following lymphangiography some partly re- 
placed, poorly delineated lymph nodes were 
visualized in the pelvic and para-aortic areas 
(Fig. 8). 

The resultant chromatographic patterns of 
the fatty acids in urine chyle and ethiodol were 
qualitatively and. quantitatively similar. (Fig. 
9, A-C), demonstrating direct lymphatic-to- 
genitourinary tract passage of the long chain 
fatty acids in the poppyseed oil base of ethiodol. 
Thus, a chemical demonstration of a direct 
communication between the abdomen and pelvic 
lymphatics, and the genitourinary tract was 
added to that obtained roentgenographically. 


SUMMARY 


A patient with chyluria is reported in 
whom the basic anatomic abnormality, 
i.e., fistulous connection between lymphat- 
ics and genitourinary tract, has been dem- 
onstrated roentgenologically by lymph- 
angiography and chemically by gas-liquid 
chromatography. 


Richard D. Kittredge, M.D. 

St. Luke’s Hospital 

Morningside Heights 

Amsterdam Avenue and 113th Street 


New York 255 New York 
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Fis, 7. Ten days following lymphangiography 
marked varicose-like dilatations are still seen. 
Contrast material is present in large saccular col- 
lections at the left kidney hilus. 





lic. 9. (4) Gas-liquid chromatographic studies of 
ethiodol. (B) Single dialyzed urine specimen. 48 
hours following lymphangiography. (C) Dialyzed 
aliquot from pooled 72 hour collection of urine 
Note similarity of fatty acid patterns. 
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Fic. 8. Thirty days following lymphangiography 
some partly replaced, poorly visualized. lymph 
nodes are seen in the pelvis and para-aortic areas. 
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ISOLATED ARTERIOSCLEROTIC ANEURYSM OF 
A COMMON ILIAC ARTERY* 


By ISRAEL STEINBERG, M.D.{ 


NEW YORK, NEW YORK 


N ISOLATED arteriosclerotic. aneu- 
rvsm of the common iliac artery is 


apparentlv rare. During the past 3 vears, 
onlv 3 individuals with this CROP ES 


have been encountered in a consecutive 
series of over soo patients in whom the 
abdominal aortas were visualized by the use 
of intravenous abdominal aortogr raph y and 
peripheral arteriography.!? Of the soo 
patients, § had isolated arteriosclerotic 
aneurvsms of other branches of the aorta: 4 
of the splenic artery^? and 1 of the hepatic 
artery.” The purpose of this paper is to 
report 3 cases of isolated arteriosclerotic 
aneurysms of the common iliac arterv and 
to discuss briefly the diagnosis and treat- 
ment of the lesion. 


REPORT OF CASES 


Case 1. Early in 1960, a $1 year old asympto- 
matic man was found to have a blood pressure 
of 160/110 mm. Hg, whereas on 4 previous 
annual examinations it had varied between 
140/90 and tso/roo mm. Hg. The electro- 


cardiogram and chest roentgenogram were 
normal. Because there were Grade r-2 arteri- 


olar changes (of arteriosclerosis) in. the ocular 
fundi and a mildly elevated hypercholestero- 
lemia (340 mg. per cent), a routine pvelo- 
graphic study was 1 It disclosed a 
small right calyceal diverticulum, and hospital- 
ization was advised for cystoscopy, retrograde 
pyelography, and urinary cellular and bacterial 
studies. 

When these proved to be normal, a routine 
intravenous abdominal aortogram was secured 
in order to exclude renal arterial malformation 
as à cause of the hypertension. Mild. arterio- 
sclerotic tortuosity of the abdominal aorta and 
an isolated (2.5 by $.0 cm.) saccular aneurysm 


of the C» common iliac artery were revealed 
(Fig. 1) Phe ihofemoral and superficial femoral 
arterial PT. bilaterallv was excellent. 

At operation on January 11, 1960, a 2.0 by 
4.0 cm, aneurysm of the right common iliac 
artery Just proximal to the bifurcation of the 
abdominal aorta was exposed. A smaller (1 cm. 
in diameter) aneurysm of the right internal iliac 
artery, 2 em. distal to its origin was also noted. 
Resection of the right common ป ร ล ด artery 
aneurysm, replacement with an Edwards-Tapp 
poly tetraluorethylene (teflon) prosthesis, and 
ligation of the small internal iliac artery aneu- 
rysm proximally were curative. On subsequent 
follow-up examinations in 1961 and 1962, the 
patient was asymptomatic alt hough the blood 
pressure had increased to 175/110 mm. Hg. 
After medication with antihypertensive drugs it 
was 140/100 mm. Hg. 


Case it. Because of a pulsatile abdominal 
aorta and bruit in the region of the umbilicus, a 
76 year old woman with a long history of mild 
hypertension (160/90. mm. Hg), cardiac en- 
largement, and congestive heart failure was re- 
ferred for intravenous abdominal aortography 
on June 30, 1960. This revealed a tortuous ab- 
dominal aorta and an isolated 3.0 by 4.5 cm. 
aneurysm of the left common iliac artery (Fig. 
2). There was marked calcification of the con- 
tralateral common iliac artery. The iliofemoral 
and superficial femoral arterial systems on both 
sides were intact. Surgery was not advised be- 
cause of the patient's arteriosclerotic cardio- 

vascular disease. Recently, on a follow-up visit 
she reported transient Hehe hemiplegia and 
aphasia. 


Case 111. Because of intermittent claudication 
of the left leg, a 71 year old diabetic man with 
arteriosclerotie and hy pertensive (180/100 mm. 


Hg) heart disease, atrial hbrillation, and right 
bundle branch block on electrocardiographic 
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Fic. r. Case 1. Intravenous abdominal aortogram 
showing an isolated aneurysm of the right common 
iliac artery. 


study was referred on September 26, 1961 for 
intravenous abdominal aortography and periph- 
eral arteriography. These revealed a very tor- 
tuous and irregular abdominal aorta with an 
isolated aneurysm of the right common iliac 
artery measuring 3.0 by 5.0 cm. in diameter 
(Fig. 3). Both superficial femoral arteries were 
intact but markedly irregular owing to calcitic 
deposits in their walls, left more than right. 
The run-off into both popliteal arteries was 
good. The renal arteries were intact. To allevi- 
ate the left leg pain, left lumbar sympathec- 
tomy was performed on November 20, 1961. 
Resection of the aneurysm and replacement 
with a graft were not advised because of the 
cardiac and diabetic complications. 


l'1G. 3. Case mt. Right arteriosclerotic common 


iliac artery aneurysm. 
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Fic. 2. Case rt. Aneurysm of the left common iliac 
artery with marked arteriosclerotic tortuosity o! 
the iliofemoral arteries. 


DISCUSSION 


Because aneurysms tend to rupture, 
there is general agreement that such lesions, 
if accessible, should be resected. Arterio- 
sclerotic aneurvsms of the common iliac 
arteries in association with abdominal 
aortic aneurysms are not uncommon. In 
such instances, the surgeon merely tailors 
the synthetic graft to replace the multiple 
aneurysms. 

Even though rare, isolated arteriosclerot- 
ic common iliac arteries should also be 
excised. In judging whether the risk of 
surgery is warranted, the general condition 
of the patient, especially the nature of the 
contiguous vessels and the presence of cere- 
brovascular and cardiovascular complica- 
tions are important, Of the 3 patients with 
isolated common iliac artery aneurysms 
here reported, only 1 was found suitable for 
operation, The advanced age (eighth dec- 
ade) and cardiovascular complications 
precluded surgery in the other 2 cases. 


SUMMARY AND CONCLUSION 


Three patients, 1 in the sixth and the 
other 2 in the eighth decades, were found to 
have isolated arteriosclerotic common iliac 
artery aneurysms on intravenous abdomi- 
nal aortograms. All the patients were hy- 
pertensive. The first patient, a 51 year old 
male, was asymptomatic and routine intra- 
venous abdominal aortography was per- 
formed because of the hypertension; in the 
second patient, a 74 year old female, abdom- 
inal aortography was performed because of 
a pulsatile aorta; and in the third patient, a 
71 vear old male, because of intermittent 
claudication of the left leg. The right com- 


Israel Steinberg 


Jury, 1963 


mon iliac artery was involved in 2 in- 
stances, the left common iliac artery in the 
other. 

In Case 1 a common iliac aneurysm was 
readily resected and replaced with a synthet- 
ic prosthesis without complications. Cases 
11 and 111 were not operated on because of 
cardiovascular complications. All 3 pa- 
tients are alive, but, since only a 2 year 
period of observation has elapsed, conclu- 
sions regarding prognosis with or without 
surgical excision of the aneurvsm seem 
unwarranted. However, it does appear that, 
if feasible, resection of accessible aneu- 
rvsms, whether isolated or multiple, 1s 
advisable. 


The New York Hospital-Cornell Medical Center 
525 East 6&th Street 


New York 21, New York 
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APPLICATION OF CAVERNOSOGRAPHY IN THE 
DIAGNOSIS OF LESIONS OF THE PENIS* 


By THEODORE R. FETTER, M.D., JOSE R. YU? 





EN, M.D., and GERALD DODD, M.D. 


PHILADELPHIA, PENNSYLVANIA 


AVERNOSOGRAPHY, the roentgen- 
ographic visualization of the corpora 
cavernosa penis, is not a new method of 
examination, being described by Molnar 
and Hajos? in 1960. It is performed bv 
direct injection of contrast medium into the 
corpora cavernosa, As the medium is ulti- 
mately excreted through the kidneys, an 
intravenous urogram may also be obtained. 
The present study is concerned with the 
application of this technique to patients 
with Peyronie’s disease and with metasta- 
tic lesions of the corpora cavernosa due to 
urethral tumor and prostatic carcinoma. 


ANATOMY 


The corpora cavernosa of the penis and 
of the urethra arise from the mesodermal 
tissue in the phallus. They are at first dense 
structures, but later vascular spaces appear 
in them, and they gradually become cav- 
ernous. The corpora cavernosa retain a 
uniform diameter in the shaft and termi- 
nate anteriorly in a bluntly rounded ex- 
tremity approximately 1 cm. from the end 
of the penis, being embedded in a cap 
tormed by the glans penis. 

The corpora cavernosa of the penis are 
surrounded by a strong fibrous envelope 
consisting of superficial and deep fibers. 
The superficial fibers are longitudinal in 
direction, and form a single tube which 
encloses both corpora. The deep fibers are 
arranged circularly around each corpus and 
form, by their junction in the median plane, 
the septum of the penis. 

The arteries supplving the cavernous 
spaces are the deep arteries of the penis as 
well as branches from the dorsal arteries of 
the penis, which perforate the fibrous cap- 


sule along the upper surface, especially near 
the forepart of the organ. The blood from 
the cavernous space is returned by a series 
of veins, some of which emerge in consider- 
able numbers from the base of the glans 
penis and converge on the dorsum of the 
organ to form the deep dorsal vein. 
METHOD 

In all of the studies reported here, cav- 
ernosograms were obtained by injection of 
an opaque material into the corpora cav- 
ernosa at the retroglandular sulcus after 
previous infiltration with 1 cc. of procaine 2 
per cent. A No. 25 gauge needle was then 
fitted into each corpus cavernosum and 1 ๐ 
cc. of contrast medium was injected (Fig. 
1, 4-C). The contrast material used was 
diatrizoate sodium (hypaque sodium), a 
water soluble medium whose base contains 
5 ๐ per cent iodine. 

Prior to the injection, a plain roentgeno- 
gram of the abdomen and pelvis including 
the external genitalia was taken, primarily 
to determine the presence of anv calcifica- 
tion in the area under study which might 
give a roentgenographic appearance similar 
to that of the contrast material. 

Normally only :o cc. of hypaque was 
injected, as larger amounts tended to opac- 
ify a portion of the anterior region of the 
corpora cavernosa and delay drainage. 
Following the injection of the contrast 
material simultaneously into each corpus 
cavernosum, roentgenograms of the exter- 
nal genitalia were taken in anteroposterior 
and posterior oblique projections. Delayed 
roentgenograms of the abdomen were ob- 
tained in certain instances to observe the ex- 
cretion of the medium through the kidneys. 


* From the Departments of Urology and Radiology, Jefferson Medical College Hospital, Philadelphia, Pennsylvania, 
Read at the Philadelphia Urological Society Meeting, College of Physicians, Philadelphia, March 26, 1962. 
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Fic. 1. (4) Material used: procaine 2 per cent 
and hypaque $o per cent. (B) Patient in 
supine position with No. 25 gauge needle 
fitted into the sulcus coronarius. Tape sling 
is holding the penis to maintain it 1 ท position 
for the injection. (C) Schematic representa- 
tion of the position of the needle in the 
corpora cavernosa, penetrating the skin, 
superficial fascia, areolar tissue, and deep 
fascia. 
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Fic. 2. (F and G) Excretion from the kidneys 20 minutes after injection of the corpora. Note that the 
contrast medium has been almost completely absorbed from the penis. 


In no instance was there any adverse 
reaction to the contrast medium, and in all 
cases excellent visualization of the corpora 
and pelvic venous plexus was obtained. The 
procedure was painless. 


MATERIAL 


Cavernosograms were obtained in 8 
patients ranging in age from 52 to 85 vears. 
One patient had no penile disease and pre- 
sumably had a normal pattern. One patient 
had a historv of priapism, 2 patients had 
Pevronie’s disease, 1 patient had had a 
previous hypospadias repair, 1 patient had 
carcinoma of the prostate with pelvic skele- 
tal metastases and a metastatic lesion in 
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the corpora, and 1 patient had a carcinoma 
of the urethra with a metastatic lesion 1 ท 
the corpora. 


ROENTGENOGRAPHIC TECHNIQUE AND 
INTERPRETATION 

The optimum techniques for the exami- 
nation obviously cannot be established 
with such a small number of cases. At the 
present time, preliminary anteroposterior 
and posterior oblique roentgenograms of 
the penis are made to determine the pres- 
ence or absence of calcification. Preferably 
this should be done with table-top soft tis- 
sue technique, but anatomically it is dith- 
cult to demonstrate more than so per cent 


Fic. 2. 7) Normal soft tissue roentgenogram of penis without contrast material. This is employed primarily 
to exclude or localize soft tissue calcification. (B) Same projection as 4 following injection of the corpora 
cavernosa. Note the “capping” of the corpora by the corona and glans. (C) Anteroposterior projection of 
the entire penis. Proximally the crura of the corpora cavernosa are seen with the small central density 
representing early filling of the pudendal plexus. The median septum is well shown. The double shadow in 
mid-shaft results from cephalad angulation of the tube with superimposition of the corpora at the scroto- 
penile junction. (D and £) Posterior oblique projections. Note relatively sharp scroto-penile angle as con- 


trasted with examples of Peyronie’s disease. 
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Fic. 3. J.C., §2 years old, No. 34534. The patient was seen because of pain on erection associated with devia- 
tion to the left side for the past 6 months. Physical examination showed no clinical evidence of noticeable 
deformity in flaccid state. However, a sharply circumscribed ring of nontender induration was palpable 
around the sulcus coronarius. Diagnosis: Peyronie's disease. (/7 and B) Marked spindle-like narrowing of 
anterior corpora cavernosa secondary to fibrosis. There is marked filling of the pudendal plexus. (C) 
Plaque-like notches of ventral surface of corpora anteriorly, presumably as the result of fibrosis of the 
spongy tissue. This is uncommon in Peyronie’s disease. 


of the penis by this approach. For this 
reason, Bucky roentgenograms are usually 
employed. Soft tissue technique for demon- 
stration of the anterior shaft and glans may 
be employed without difficulty, however. 

Following injection of the opaque ma- 
terial, roentgenograms are routinely made 


in both posterior oblique and anteroposte- 
rior projections. At the present time, 
cephalad angulation of 15-20 degrees is 
employed in the anteroposterior projection 
to better demonstrate the crura of the 
corpora as well as the pudendal plexus. 


This also accurately delineates the median 





Fic. 4. E.H., 83 years old, No. 149694. Admitted because of inability to urinate. Physical examination 
showed a stony hard fixed prostate. In the left corpus cavernosum, there appeared to be a sharply circum- 
scribed nodule about the size of an English walnut. Histologic diagnosis: metastatic lesion from carcinoma 
of the prostate. (4 and B) There is ventrolateral compression of the left corpus cavernosum posteriorly, 
best seen in the posterior-oblique projection. Note the tortuous, arteriosclerotic central penile arteries in 


both corpora cavernosa. 
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septum of the penis in its proximal portion. 
The relationship of the anterior portions 
of the corpora with respect to the glans 
penis is best demonstrated by soft tissue 
technique employing a cardboard cassette 
in immediate contact with the penis. In 
this fashion, a true anteroposterior view 
can be obtained and the relationship of the 
median septum with respect to the corpora 
ascertained, Due to overlapping, this infor- 
mation cannot be obtained from the poste- 
rior oblique projections (Fig. 2, 4-G). 
The various roentgenographic manifes- 
tations of abnormal processes are shown 
in Figures 3-8, inclusive. For practical 
purposes, these are represented by changes 
in the form or outline of the corpora, distor- 
tion or widening of the median septum, 
displacement of the pudendal plexus, or 
alterations in the normal penile curvature. 
The contrast material is rapidly absorbed 
from the corpora cavernosa and passes via 
the pudendal plexus into the general circu- 
lation. For this intravenous 


reason, an 
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pyelogram may also be obtained at the 
completion of examination. In the future it 
is probable that a combination of urethrog- 
raphy and corpora cavernosography will 
provide a much clearer delineation of the 
extent of a particular disease process. 


CONCLUSION 


Cavernosograms were obtained in 8 
patients in an attempt to utilize the con- 
figuration of the corpora cavernosa as an 
aid in differentiating certain lesions of the 
penis; namely, scars of the albuginea, Pey- 
ronie’s disease and metastatic implants. 

In all cases with Peyronie’s disease, char- 
acteristic roentgenographic changes, such 
as constriction and deviation were ob- 
served. In addition, 2 patients had roent- 
genographic evidence of distortion due to 
metastatic lesions in the corpora cavernosa. 

At the present time we cannot predict 
the ultimate value of this diagnostic test. 
However, our results thus far indicate that 
further investigation is warranted, particu- 





Fic. 5. A.M., 59 years old, No. 19161. This was a known case of Peyronie’s disease for the past 4 years. 
Roentgen treatment was administered (400 r), as well as intermittent intracorporal injections of hydro- 
cortisone into the plaque. Physical examination showed deviation in flaccid state and induration palpable 
on the dorsal aspect. (4) Anteroposterior projection. There is irregular narrowing of the left corpus caver- 
nosum anteriorly with deviation of the penile shadow to the left and separation of the corpora. These 
changes result from pericavernosal fibrosis. (B) Usual abrupt angle at scroto-penile junction is diminished 
due to fibrosis. (C) Normal relationship of the corpora cavernosa and glans. No notching of corpora is seen 
in any projection. The fibrous changes in Peyronie’s disease seldom involve the erectile tissue. 
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ic. 6. J.A., $7 years old, No. 145231. The patient was seen because of urethral discharge and diminution in 
caliber of the urinary stream. Physical examination showed no visible deformity in the flaccid state; how- 
ever, on palpation a hard rounded walnut sized mass could be distinguished deep in the base of the penis. 
Histologic diagnosis: carcinoma of the urethra. (4 and B) Anteroposterior projection. The posterior corpora 
cavernosa are distorted and displaced laterally. Note the widening of the median septum as the result of an 
infiltrating tumor. (C and D) Posterior oblique views. Encroachment upon the ventral surfaces of the pos- 
terior corpora cavernosa by the tumor originating in the urethra. (E) The original roentgenogram demon- 
strates a fine marginal serration indicative of direct invasion of the corpora. 
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Fic. 7. S.P., 55 years old, No. 79339. The patient had hypospadias repair 10 years ago. At the present he i 
complaining of pain on erection and deviation to the left side, 
Physical examination showed induration in the left lateral aspe 
formed 10 years prior to cavernosography. Note chordee am 


Is 
with interference with sexual performance. 
ct of the penis. (/7) A repair had been per- 
| postsurgical distortion of the left corpus 


cavernosum anteriorly. There is separation of the corpora anteriorly as a result of the unilateral fibrosis. 
(B) Posterior oblique projection. (C) Anterior penile soft tissue projection. Note deformity of prepuce. 


larly in cases of Peyronie’s disease and 
metastatic lesions in the penis. 


Theodore R. Fetter, M.D. 
5 S. Seventeenth Street 


25 
Philadelphia 3, Pennsylvania 
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Cavernosogram. 





lic. 8. M.N., §8 years old, No. 145957. History of priapism treated by multiple punctures of the corpora 


2. 
cavernosa 5 years previously. Physical examination showed gross deviation of the penis to the left side 
with marked scar tissue formation over the dorsal aspect. (4, B and C) Anteroposterior, posterior oblique 


, 


and anterior penile views following injection of both corpora cavernosa. There is an increase in the volume 


of the corpora but no specific changes in contour. 
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A PRACTICAL CINEROENTGENOGRAPHIC FRAME 
ENLARGER TO PROVIDE MULTIPLE 
“SPOT” ROENTGENOGRAMS* 


By DEWEY P. BLACKSTONE, R.T. 


PHILADELPHIA, PENNSYLVANIA 


N THIS brief note a simple and practical 

technique is described whereby conven- 
tional roentgenographic films and process- 
ing equipment are used for the purpose of 
recording information in selected single 
frames from cineroentgenographic records. 

How often has the radiologist while view- 
ing a cinefluorogram wished that he had a 
good “spot” study or roentgenogram of a 
particular view which was missed on regu- 
lar roentgenography for a patient's file. 
Our arrangement was designed for Just this 


Fic. I. 


purpose. Four exposures can be made on an 
8x 1o inch film, similar to the 4 spot views 
which are commonly obtained by the usual 
fluoroscopic device. Figure 1 shows 4 differ- 
ent cine frames enlarged and photographed 
on roentgenographic film and processed 1 ท 
the regular roentgenographic processor. 
Roentgenographic films are used because 
(a) they are readily available and fresh in 
all radiology departments; (b) the film is 
developed with routine roentgenographic 
films, making special processing tanks and 





Four different cine frames enlarged and photographed on roentgenographic film. 


* From the Department of Radiology, Temple University Medical Center, Philadelphia, Pennsylvania. 
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chemicals unnecessary; and (c) the result- 
ing roentgenogram 1s of standard size for 
easy handling and filing. 

Figures 2 and 3 show the entire copying 
arrangement which 1s mounted (with re- 
movable wing bolts in case a unit needs to 
be borrowed) on a reinforced ply wood 
table, measuring 20 by 60 inches. On one 
end the 16 mm. cine projector is mounted 
(Bell and Howell; 1 inch lens). The “time 
and motion study” adaptation of this pro- 
jector includes a clutch permitting crank- 
operated manual frame by frame advance 
at will. A shaded screen (simply a piece of 
opal glass from an old viewbox) is located 
23 inches in front of the cine projector lens. 
The cine frame image is focused on this 
screen to which, in turn, the 8X10 inch 
view camera is permanently focused for 
copying. 

'The view camera (Burke and James) has 
a special back which is shifted manually to 
permit 4 exposures on the one film without 
changing focus. The lens chosen (focal 
length 162 mm.) enlarges the selected cine 
frame at this fixed distance to slightly less 
than one quarter of the 8X 10 inch film size 
(343% inches) as viewed on the camera 





Fic. 2. The copying arrangement. 
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The copying arrangement showing to 
better advantage the shaded screen. 


Fic. 3. 
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ground focusing glass. 'This is the size that 
will be recorded on the film. The shifting 
back merely brings all 4 quadrants of the 
roentgenographic film into position for 
copying individual cine frames. 

To have current cineroentgenograms 
handy, two slots 3 X12 inches were cut in 
the table top and storage racks were in- 
serted into these openings. This arrange- 
ment allows twenty-four 100 foot reels to be 
stored on the table. Additionally, the lid 
bearing the opal glass screen 1s hinged and 
can be closed over these racks. The table is 
equipped with large casters and is conven- 
iently mobile. 

This arrangement can easily be dupli- 
cated from readily available and relatively 
inexpensive components. It is a practical 
way of making some of the unique cine- 
roentgenographic information a part of the 
patient’s conventional roentgen film file. 


Department of Radiology 

Temple University School of Medicine 
and Hospital 
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OF RADIOGRAPHIC 


SYSTEMS: THE LINE 


SPREAD-FUNCTION* 


By K. ROSSMANN, Pu.D. 


ROCHESTER, NEW YORK 


HE development of a general method 

for determining theim age-forming qual- 
ity of radiographic screen-film systems is an 
extremely pressing problem. The great 
variety of test objects employed at present, 
such as wire meshes, screw threads, holes, 
etc., lead only to an evaluation of the abil- 
ity of the system to image wire meshes, 
screw threads, holes, etc. In other words, 
they do not necessarily give a meaningful 
answer to the question: How well does this 
screen-film system image a complex agere- 
gate of more or less sharp or diffuse shapes 
having a wide range of contrasts? 

In optics and photography, general 
methods for determining the quality of the 
image-forming system, such as the meas. 
urement of the line spread-function or the 
modulation transfer function* of the SYS- 
tem,” are in common use. At present, no 
method of similar general validitv is applied 
routinely in radiography. It would, of 
course, be most desirable if measuring tools 
so generally accepted in photography could 
be modified to meet the special needs of 
systems tor which the im age-forming radi- 
ation consists of penetrating x-rays. This 
modification, however, should be carried out 
with great care, so that a firm theoretical 
and experimental basis for the methods is 
established before they are applied. 

The main obstacle to such a modification 
is the practical difficulty of modulating the 
intensity of x-ray beams in a specific man- 
ner by means of objects, such as slits, edges, 

* This term is now being used generally in place of what has 
been variously called “sine-wave response," "'contrast-trans- 
mission function,” etc, in accordance with recommendations 


formulated in July, 1961 by the Subcommittee for Image Asssess- 
ment Problems of the International Commission for Optics. 


and sine-wave test objects. Depending on 
the energy of the radiation and on the con- 
hguration of the test object, varying 
amounts of secondary radiation and ab. 
sorption unsharpness*? will be introduced 
by the test object. Since these factors can- 
not be described quantitatively, in general, 
thev will modulate the intensity of the 
Image-forming radiation in an unknown 
manner, thus introducing errors into the 
measurement of system quality. 

Previously it has been shown!’ how 
frequency analysis of quantum mottle, 
which is a photographic representation of 
spatial quantum fluctuations in the ab- 
sorbed part of the x-ray beam, leads to 
direct determination of the modulation 
transfer function of the screen-film svstem 
without the use of test objects.” In the 
present investigation it will be shown how 
the line spread-function of screen-film SyS- 
tems can be obtained. 

THEORY 

In what follows we shall introduce, with- 
out the aid of much mathematical symbol- 
Ism,T some of the concepts useful in de- 
scribing the energy distribution in photo- 
graphic images. Since the main theme of 
this paper is the line spread-function, we 
shall begin by defining it: The line spread- 
function of an im age-forming system repre- 
sents the intensity distribution in the image 
of an infinitely narrow and infinitely long 
slit emitting radiation of unit intensity. In 
the absence of focusing devices such as 
lenses and mirrors, 1.e., for radiographic 


T The most important equations are summarized in the Appen- 
dix. 


* Communication No, 2314 from the Research Laboratories, Eastman Kodak Company, Rochester, New York. 
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purposes, the slit is assumed to be in inti- 
mate contact with the image-forming 
screen-film system. The dimensions of the 
slit, which are obviously unrealistic from a 
practical standpoint, result from the math- 
ematical development of the underlying 
theory. 

It is seen that, because of its essentially 
mathematical nature, the definition of the 
line spread-function does not immediately 
suggest a method of measurement. On the 
other hand, since it is not defined in terms 
of a certain physical test object, the line 
spread-function, once measured, should be 
a fundamental cli laracteristic of thes Image- 
forming system. As such, it may provide a 
means for an objective assessment of radio- 
graphic image-forming quality which is of 
general validity. 

Since we are interested in the quality of 

radiographic images in general, dic ques- 
tion arises: What is the connection between 
slit images and the irregular distribution of 
x-ray or screen-light intensity which results 
in the usual radiographic i image? One might 
reason intuitively that a radiographic SVS- 
tem which is able to image a slit well can be 
expected to image any other object equally 
well. However, it mav be S E 
to investigate matters a little further. 

Basically, the image- forming quality of a 
system is determined by its ability to repro- 
duce any point in the object as a point 1 ท 
the image plane or, in other words, to keep 
the radiant energv emanating from an 
object point concentrated at a point in the 
image. [n practical (imperfect) radio- 
gi raphic screen-film systems, the diffusion of 
light i in the intensifving screens andi in the 
photog: ‘aphic film results in a "smearing- 
out" of the energy over a finite area around 
the image point and, therefore, in an un- 
sharp rendition of the object point. Since 
the image of an extended object is an aggre- 
gate of point images, an unsharp image of 

the object is obtained. Thus, the physically 
most meaningful and basic measure of 
imaging quality is the point spread-func- 
tion, which is defined as the intensity dis- 
icibution 1 in the image of an infinitely small 
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aperture radiating with unit intensity. 
Again we encounter an essentially mathe- 
matical concept which defies direct meas- 
urements for two reasons: first, any real 
aperture would, of course, be of finite Size, 
thereby introducing an error in the result; 
and second, any such intensity distri biton 
would have to be measured by scanning 
with a small circular aperture exactly 
through the center of ME distribution, 


ET by scanning a 1 a narrow chic T he 
resulting summation of intensitv over cross 
sections of the point spread-function is the 
line spread-function, which was defined 
previously in a different, seemingly arbi- 
trary manner. However, it can be shown 
that the two definitions are equivalent. The 
line spre ead-function is independent of ori- 
entation for systems with point spread- 
functions having rotational symmetry 
because in this case the shape of the line 
spread-function is independent of the direc- 
tion of scanning and is also symmetric. 
This is known to be the case for photo- 
graphic emulsions and should also be true 
for intensifying screens, if the screens are 
uniform, since it is difficult to see how a 
uniform screen could introduce directional 
effects. 

From the foregoing remarks we conclude 
that the line spread-function is a one- 
dimensional representation. of the two- 
dimensional intensity distribution in the 
point image and, hence, is a measure of the 
abilitv of a system to form images of ex- 
tended objects. Since it is one-dimensional, 
it is more easily treated mathematically 
and graphically, and, most important, it is 
more readily obtained experimentally, as 
will be shown. 

Imagine a test object which is being 
radiographed, 7.e., through which x-rays are 
passing with various intensities. If this 
object is one-dimensional, such as a slit or 
an array of parallel bars, then it can be 
regarded as an aggregate of an infinite 
number of infinitely thin slits transmitting 
X-rays at various intensities. An image of 
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each slit is formed by the screen-film system 
in accordance with the line spread-function 
of the system, and the aggregate of these 
slit images is called the “radiographic 
image" of the test object. In mathematical 
language, this imaging process is expressed 
by the so-called convolution integral, 


oe Í (Q4 Dd (ป) 


where x and £ are coordinates in image 
space and object space, respectively; z(£) 1s 
the intensity distribution in the radiating 
object or the “object function”; 4(x) is the 
line spread-function of the system; and /(x) 
is the resulting intensity distribution in the 
image. A closer study of the convolution 
integral yields a method for measuring the 
line spread-function which has been found 
to be practical in photography and op- 
tos us 

Imagine that the image-forming system 
is presented with an input intensity distri- 
bution which can be described bv a well- 
known, one-dimensional object-function, 
i(£). Then, since the output intensity dis- 
tribution in the image, /(x), can be meas- 
ured by scanning with a narrow slit, it will 
be possible, in principle, to solve the inte- 
gral equation (1) for the line spread-func- 
tion, d(x). It can be shown that an object 
function which makes this solution espe- 
cially simple is 

f i= constant, when - ๓ <£<0 


B 
| i»== constant, when 0<6< œ., (2) 
Physically, this is the discontinuous in- 
tensity distribution which is obtained when 
a knife-edge is placed in a uniform beam of 
light, for example, or when a perfectly 
radiopaque (7, « 0) and nonscattering metal 
edge is placed in a uniform beam of x-rays. 
Under these conditions we obtain from 
equation (1) 


(3) 


which means that the line spread-function 
of the svstem can be found by measuring 
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the slope of the intensity distribution in 
image of a sharp edge at several point: 
The intensity distribution in the image 
of course, be determined from a den 
trace of the image by means of the cha 
teristic curve of the film. Usually, the 
spread-function is given in normalized t 


u dl pal 
| A(x) oe LE / ( TE ) H 
dx dx / max. 


which is independent of the edge cont 

It will be realized that the object f 
tion (2) is an idealization which is par 
larly difficult to approximate in radic 
phy because of the highly penetre 
nature of the image-forming radiatior 
order to obtain sufficiently high contra 
the edge, 1t !s necessary to use às à 
object the edge of a metallic plane-pai 
plate. Under these conditions the pres 
of geometric unsharpness, absorption 
sharpness, and emission of secondary r: 
tion from the edge mav result in an i 
sity distribution which is quite ditt 
from that given by equation (2). Ther 
application of the technique indicate 
equations (3) and (4) becomes meanin; 
because the resulting line spread-fun 
would not be a true representation o 
imaging characteristics of the screen 
svstem alone, but would include al 
contribution due to the interaction bet 
the radiation and the edge. Fortunate 
is possible to minimize the effect of 
interaction so that it becomes negl 
relative to the image deterioration c: 
by the system itself, as will be de 
strated. 

In a previous study? it was shown 
under excellent imaging conditions, 
distribution of x-ray intensity in the 1 
plane due to penetration of the edge 
plane-parallel plate is given by 
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This intensity distribution results in a den- 
sity distribution on the film which appears 
as an unsharp edge to the eye, whence the 
name "absorption unsharpness." As indi- 
cated in Figure 1, D in equation (4) is the 
vertical distance from the focal spot to the 
edge, / is the thickness of the plate, and d is 
the distance between film and edge. The 
focal spot is displaced a distance x, from a 
line through the edge and perpendicular to 
the film plane. It should be noted that 
equation (5) holds rigorously only for 
monochromatic radiation without scatter. 
From the limiting values of x given in equa- 
tion (5) we can calculate the width of the 
unsharp edge to be 
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As stated previously, if we plan to use the 
width of the line spread-function in evalu- 
ating the quality of the screen-film system, 
A must be made small compared to the 
width of the line spread-function. Note that 
A is independent of น and, therefore, does 
not vary with radiation quality as long as 
all of the edge is penetrated to some extent 
by the radiation. This eliminates the condi- 
tion of monochromaticity from our consid- 
erations. 

Now A=0, if x.=0, że., if the focal spot 
lies on a line through the edge and perpen- 
dicular to the film plane. However, a gen- 
erous estimate of the smallest absolute 
value for x, attainable in practice is ap- 
proximately 2.0 cm., if we take into account 
the inaccuracy of aligning the focal spot by 
the method described previously.’ Thus, 
letting D=200 cm., which is a convenient 
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Vic. 1, Absorption unsharpness at the edge of a 


plane-parallel plate. 


working distance, we have, from equation 


(6), 


so that the 8 ๐ พ thick platinum plate which 
was chosen as the test object introduces an 
error of only 0.8 u due to absorption un- 
sharpness. Since the line spread-function of 
the screen-film system used in medical 
radiography is several hundred microns 
wide, this error is indeed negligible. The 
situation mav not be so favorable regarding 
the analvsis of medical and industrial X-rav 
films exposed without screens. However, 
that question will be left for future investi- 
gations. 

The additional error due to geometric 
unsharpness is easily made negligible by 
bringing the platinum plate into intimate 
contact with the screen-film svstem inside a 
vacuum exposure holder.’ Also, the large 
focal-spot-to-film distance is helpful in this 
respect. 

The contribution of secondary radiation 
is somewhat more difficult to assess and is 
best determined empirically. However, it 
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can be said that the small volume of the 
platinum plate will reduce the amount of 
scattered radiation present, and the emis- 
sion of x-ray fluorescence radiation can be 
practically eliminated by using a kilovolt- 
age below the K-absorption edge of plati- 
num which occurs at 78.6 kv. The latter 
procedure unfortunately makes it impos- 
sible to investigate the dependence of the 
line spread-function on kilovoltage over the 
entire range emploved in medical radiogra- 
phy. This problem is being investigated 
further. 

'To test the conclusions reached in the 
foregoing, a radiograph of the platinum 
edge was made without screens on Kodak 
Industrial X-rav Film, Type M, Single 
Coated, at 7 ๐ kv. with a 10 mm. aluminum 
filter at the tube, 7.e., under excellent imag- 
ing conditions. À microdensitometer scan 
with a Im wide aperture (slit) showed the 
unsharp edge to be 12 a wide. This means 
that the error introduced by the edge itself 
certainly will not be more than 12 u, and 
that the same technique when applied to 
screen-film systems should yield line 
spread-functions of physical significance. 


APPLICATION 


function of a radiographic image-forming 
system consisting of a pair of medium- 
speed calcium tungstate screens 1n contact 





Microns 


Fic, 2. Line spread-function of a medium-speed 
screen-film system (three independent measure- 
ments). 
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with Kodak Blue Brand Medical X-ray 


Film. The svstem was exposed to 7 ๐ kvp. 


x-rays with a 3 mm. copper filter at the 


tube. 

An 80 น thick platinum plate having one 
finely ground and polished edge was placed 
in contact with the front screen inside a 
vacuum cassette. The edge to be measured 
was centered under the focal spot of the 
tube at a distance of 200 cm. Density traces 
of the developed image of the edge were 
obtained on a microdensitometer with a 
scanning slit 23 น wide. In order to facilitate 
alignment of the scanning slit parallel to 
the unsharp edge, a sharp radiograph with- 
out screens of an edge parallel to the un- 
sharp edge was provided. 

The data were analyzed by means of 
equation (4), and the normalized gradients 
were obtained by means of digital-compu- 
ter techniques. The resulting line spread- 
function is shown in Figure 2. As an indica- 
tion of the precision of the method, the data 
obtained from three independent measure- 
ments have been plotted. As expected, the 
function is svmmetric and is considerably 
wider than that of average photographic 
lens-film systems, indicating the relatively 
poor imaging quality of the radiographic 
screen-film svstem. 

We intend to use the method developed 
in this study to investigate several typical 
radiographic svstems. Information regard- 
ing the shape of the various line spread- 
functions should provide new insights into 
the physical process of radiographic image 
formation. It also should make it possible 
to assess the relative effect of graininess 
(quantum mottle) and light diffusion in the 
screens and in the film on the image-form- 
ing qualitv of the system. 


SUMMARY 


In optics and photography, measurement 
of the line spread-function is important for 
an understanding of the imaging process 
and for determining the quality of image- 
forming systems. In this paper, it is shown 
theoretically how the measuring technique 


Vor. 90, No. t 
must be modified to be useful in radiogra- 
phy. The line spread-function of a medium- 
speed screen-film system has been obtained. 
Research Laboratories 

Eastman Kodak Company 

Rochester 4, New York 


APPENDIX 


If x,y are coordinates in image space, and 
t£, are coordinates in object space, then the 
intensity distribution /(x, v) in the image is 
given bv 


I(x, y) «Tr [. KE, m P(x — & y — adtdn, 
mea *^ wx 


where 7(6, 3) is the intensity distribution in 
the object, and P(x, v) is the point spread- 
function of the image-forming svstem. 

For a one-dimensional object, the object 
function is independent of x, 


2(K, n) = iE), 
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we have 
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where (x) is the line spread-function of 
the image-forming svstem. 
Assuming 
i) [^ when —« «gxo 
BE . i 
[29 when 0< ๕ < x, 
we obtain 
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Letting x—£-4 and noting that x is a 
parameter, we have 


£ 
I(x) = constant + (Z5 — ij) f A(u)du 
~~ 


Ho 
— == (19 — AAi), 


whence 


Lx) Jnorm. = a / S). 
(x norm. "77 EM dx max. 


The author gratefully acknowledges the co- 
operation of G. Lubberts, who assisted with the 
evaluation of the data, and of R. W. Baker, who 
obtained the microdensitometer traces. 
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AN IMPROVED CHAIR FOR PNEUMOEN- 
CEPHALOGRAPHY AND AUTOTOMOGRAPHY 


By KURT AMPLATZ, M.D. 


MINNEAPOLIS, MINNESOTA 


T IS the purpose of this communication 

to describe a mechanical chair which 1s 
designed for routine pneumoencephalogra- 
phy and also autotomography. The use of 
this device has markedly improved the 
quality of our pneumoencephalograms. An 
ideal pneumoencephalographic chair must 
fulfill the following requirements: 

1. Spinal puncture should be easily per- 
formed while the patient is seated comfort- 
ably in the chair. 

2. All roentgenographic positions should 
be obtainable by tilting the patient 1 ท the 
chair rather than by positioning the pa- 
tient’s head alone. 

3. The patient’s head should be firmly 
immobilized, thereby eliminating motion, 
rotated views and roentgen-ray exposure to 
operating personnel. 

4. Right and left lateral decubitus posi- 
tions should be obtainable in order to fill 
the temporal horns. 

c. Forward and backward “somersault 
maneuvers” should be easily and safely 
accomplished. 

6. The chair should be adaptable for 
autotomographv in the upright, supine and 
prone positions in both the sagittal and 
coronal planes without exposure to operat- 
ing personnel. 

Through careful planning and construc- 
tion these requirements have been fulfilled, 
and a verv useful roentgenographic appa- 
ratus has resulted.* 


PROCEDURE 


The well sedated patient is seated in the 
chair and immobilized bv several padded 
seat belts which are commonly used in 
commercial aircraft; both feet are comfort- 
ably supported by a footrest. The patient's 
head is firmly immobilized 1n a transparent 


*Medmac Inc., Minneapolis, Minn. 


plastic head-holder with two doughnut 
shaped polyurethane foam rubber cushions. 
The head remains stabilized in this position 
during the entire procedure (Fig. 1). Ex- 
perience has shown that this type of 1mmo- 
bilization is very adequate and eliminates 
the previously used arm and chin rests. 
Roentgenographic cassettes can be inserted 
to the right, to the left, in front or in back 
of the head-holder allowing examination of 





Fic. r. Patient firmly immobilized by seat belts; 
head firmly fixed by foam rubber cushions in the 
plastic head-holder (H). 
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the skull in all projections with a single, 
ceiling-suspended roentgen-ray tube or 
portable roentgenographic machine. For 
maximal roentgenographic detail vacuum 
cassettes! and a 12 to 1 focused fine line 
erid are used. 

Spinal puncture, pressure measurements 
and the introduction of air are easily ac- 
complished as shown in Figure 2. Bv tilting 
the patient and chair during the introduc- 
tion of air, preferential filling of the ven- 
tricular svstems and basilar cisterns can be 
accomplished. Following the introduction 
of 10 cc. of air, the structures of the poste- 
rior fossa are studied by routine views and 
by autotomograms in the sagittal and coro- 
nal planes (Fig. 3 and 4). This is easily 
accomplished by actuating the motor M 
(Fig. 2) which rotates the chair and patient 
slowly at a constant speed over a distance 
of 5 cm. 

After the ventricles are satisfactorily 
filled with a larger amount of air, all routine 





Fic. 2. Spinal puncture is easily performed with 
patient in the chair. Motor M used for autoto- 
mography. 


Chair for Pneumoencephalography 
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lic. 3. Lateral autotomogram showing sharp de- 
lineation of a normal aqueduct and fourth ven- 
tricle. 
positions for pneumoencephalography are 
easily achieved by manual rotation of the 
patient in the chair. Figures 5 and 6 show 
the brow-up and brow-down positions. By 
simply turning a crank, the patient can be 
comfortably placed into both lateral decu- 
bitus positions for anteroposterior and 
lateral views of the temporal horns (Fig. 7). 
For simultaneous filling of the tips of the 
temporal horns, the patient is finally ro- 
tated slowly, head down, performing the 
forward somersault maneuver. The axis of 





Fic. 4. Coronal autotomogram through aqueduct 
and fourth ventricle. Arrow indicates impinge- 
ment upon lateral recess by angle tumor. 





Fic. 5. Patient in “brow-up” position. 


rotation runs through the center of gravitv 
of the patient allowing effortless manual 
rotation of even verv heavy patients (Fig. 
8). If the rotation is performed slowly with 
a slightly rocking motion, it is usually pos- 
sible to shift almost all of the air from the 
lateral ventricles into the temporal horns 
(Fig. g). 

The chair is mounted on large rubber 
coasters increasing maneuverability and 
facilitating positioning of the patient in 
relation to the roentgen-rav tube. 


COMMENTS 


Many pneumoencephalographic chairs 
and couches have been described in the 
literature, but none of them seems to fulfill 
the requirements briefly mentioned in the 
introductory note of this article. This all- 
purpose chair was constructed to fill the gap 
in the available roentgenographic equip- 
ment. 

One of the main diagnostic difficulties in 
interpreting pneumoencephalograms is 
evaluation in rotated views which usually 





Fic. 6. Patient in "brow-down'"' position. 
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l'1G. 7. Lateral decubitus position for demon- 
stration of temporal horns. 


do not allow the detection of minute ven- 
tricular displacements as from space oc- 
cupving lesions. The straight transparent 
sidings of the head-holder which are pro- 
vided with center lines facilitate proper 
positioning, thus eliminating rotated views 
almost completelv. Furthermore, the pa- 
tients head is firmly fixed to prevent any 
motion and the x-ray technician is not 
exposed to secondarv irradiation. 
Visualization of the temporal horns in 
the lateral decubitus positions is desirable, 
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Fic. 8. "Forward somersault” accomplished 
simply by manual rotation of the chair. 
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but slight rotation on these studies mini- 
mizes the value of this projection; it is, 
therefore, not surprising that this view has 
been abandoned in several institutions. 
Previously, the patient had to be placed 
prone and the head was turned to either 
side. This rather awkward position of the 
patient resulted almost invariably 1 ท ro- 


tated roentgenographic studies 1 ท spite of 


manual immobilization of the head bv the 
technician. With the pneumoencephalo- 
graphic chair, the lateral decubitus position 
is achieved effortlessly (Fig. 7) and straight 
views can be obtained (Fig. 10). 
Simultaneous filling of the tips of the 
temporal horns can only be satisfactorily 
accomplished by the “forward somersault.” 
This forward rotation is easily performed 
manuallv since the patient 15 well balanced 
in the chair. The best roentgenographic 
demonstrations of the tips of the temporal 
horns are obtained if these are projected 
through the orbits (Fig. 9). On the lateral 
brow-up roentgenograms both temporal 
horns are superimposed and a stereoscopic 


Fic. 9. Good filling of the temporal horns which are 
projected through both orbits. Note that the air 
has shifted from the lateral ventricles into the 
temporal horns during the “forward somersault.” 
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Fic. 10. Demonstration of temporal horn in lateral 
decubitus position. Note the perfectly straight 
view. 


view may be necessarv to project them 


free from each other. A Towne position 
may also be useful for better demonstra- 
tion. 


The value of tomographic studies in 
pneumoencephalography has been stressed 
by several authors. Experiments have 
shown that the well known rapid back and 
forth motion of the skull during autoto- 
mography vields relatively poor roentgeno- 
grams with inadequate blurring of overly- 
ing shadows and usually fuzzy demonstra- 
tion of the midline structures of interest. A 
far superior roentgenogram can be obtained 
by slight rotation of the patient in a single 
sweep. Vibration during the exposure is 
completely eliminated by the power drive, 
and the roentgenographic machine is trig- 
gered automatically by two microswitches 
which are set 5 cm. apart. The duration of 
the exposure 1s 5 seconds and the target 
film distance is 6 feet. With these factors, a 
slightly curved 2 cm. thick "slice" is cut 
through the midline structures, which are 
demonstrated with surprising. sharpness, 
and adequate blurring of the overlving 
disturbing densities 1s accomplished (Fig. 
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11). The thickness of the laminagraphic cut 
depends on the degree of excursion of the 
chair and the curvature of the "slice" is a 
function of the target film distance. 

ไท addition to the well known application 
of this technique for visualization of the 
aqueduct and the fourth ventricle by lateral 
autotomograms, coronal studies through 
the floor of the fourth ventricle or internal 
auditory meati are particularly useful if an 
angle tumor is suspected. Another ex- 
tremely valuable application is evalua- 
tion of tumors in the para- and suprasellar 
areas. Suprasellar tumors are easily over- 
looked on routine pneumoencephalograms 
since shift may be lacking and the tumor 
Itself may be overshadowed bv air อ ท the 
cerebral hemisphere. With autotomography 
these confusing gas shadows in the sub- 
arachnoid spaces are completely blurred 
out, allowing sharp delineation of the mid- 
line structures. Figure 12 shows a rather 
large midline glioma well demonstrated by 
autotomography in the supine position, but 
the lesion was not readily seen on the rou- 
tine studies. 


SUMMARY AND CONCLUSION 


A simple pneumoencephalographic chair 
is described which allows easy positioning 
of the patient for all standard projections. 
A special transparent head-holder secures 
adequate immobilization, eliminates expo- 





Autotomogram in upright position out- 


Fic. 11. 
lining well all 
basilar cisterns. 


midline structures and normal 
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l'1G. 12. Supine autotomogram demonstrating large 
midline glioma (arrows). This lesion was not 
readily recognized on routine studies due to super- 
imposition of air shadows around the brain hemi- 
sphere. 


sure to operating personnel and minimizes 
rotated views. The “forward and backward 
somersault" maneuvers are simplv accom- 
plished by manual rotation of the chair. 
Autotomograms of superior technical qual- 
ity are obtained by a motor drive rotating 
the chair smoothly through a single sweep. 
Autotomographic studies can be made in 
the lateral and coronal planes with the 
patient in the upright, supine and prone 
positions, 


University of Minnesota Hospitals 
Minneapolis 14, Minnesota 


The author is indebted to the Scientific Ap- 
paratus Shop of the University Hospitals and 
specifically to Mr. Frank Kotula, who par- 
ticipated actively in the construction of this 
roentgenographic device. Thanks are also ex- 
pressed to Dr. John O. F. Roehm, Jr., who con- 
ducted numerous autotomographic studies on 
the dried skull phantom and suggested the 
"single sweep" autotomogram. Dr. Robert 
Evans drew our attention to the value of the 
"reversed somersault” maneuver; the air from 
the ventricles escapes into the subarachnoid 
space of the spinal canal and it may be there- 
fore re-used for demonstration of posterior fossa 
structures 1f so desired. 
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WIDE ANGLE ROENTGENOGRAPHY* 


By HERBERT S. BERLIN, M.D., SOL M. UNGER, M.D., LEON J. CORBIN, M.D., 
HAROLD G. JACOBSON, M.D., and MAXWELL H. POPPEL, M.D. 


BRONX, NEW YORK 


T purpose of this report is to describe 

our experience with a new simple roent- 
genographic technique conceived by one of 
the authors (L.J.C.) that has on numerous 
occasions extended the diagnostic range of 
ล plain roentgen study by successfully 
separating images of anatomic structures 
ordinarily obscured by foreshortening and 
superimposition on conventional roent- 
genograms. 


METHOD 


The method, termed wide angle roent- 
genography, requires only a single exposure 
and takes advantage of a panoramic hori- 
zontal elongation and vertical magnifica- 
tion of roentgen images produced bv roent- 
gen rays falling tangentially on a pair of 
cassettes held at go degrees to each other. 
In the conventional oblique projection (Fig. 
1, F-G) the beam traverses the part ob- 
liquely to strike the film at approximately a 
right angle. In the Andrus! view (Fig. 1, 
H-I) the part and the film are held parallel 
and exposed by an off-centered beam pass- 
ing obliquely (causing horizontal magnifi- 
cation). In contrast, in the wide angle view, 
the patient faces the tube anteroposteriorly 
or posteroanteriorly and the incident beam 
strikes the film at a variable angle, becom- 
ing more acute medially as the target film 
distance increases—magnifying the images 
both horizontally and vertically (Fig. 1 


A-B-C), 


ว 


APPARATUS 


The go degree orientation of the cassettes 
was originally maintained by masking tape 
and supported by the patient himself. For 
stability and versatility refinements were 


needed, and a light but strong metal frame 
for this purpose was designed and fabricated 


(Fig. 24). 


TECHNICAL FACTORS 


The technical details are simple. In ex- 
amining the pulmonary structures, ribs and 
shoulders, the patient is positioned either 
anteroposteriorly or posteroanteriorly, up- 
right, at a 6 foot distance, employing con- 
ventional film and cassettes. The kilovolt- 
age 1s increased (5-10 added kv.), with the 





WIDE ANGLE 
CONVENTIONAL FRONTAL 
CONVENTIONAL OBLIQUE 
ANDRUS VIEW 





Fic. 1. Sketch shows a comparison of the linear area 
occupied by the chest image in various projections. 
Note the appreciable horizontal elongation on the 
wide angle view (A-B-C). Vertical magnification 
of the image also occurs in wide angle positioning 
but is not shown on the diagram. 


* From the Radiology Service, Veterans Administration Hospital, Bronx, New York. 


Based on an exhibit entitled Simultaneous Biplane Perpendicular 


Radiography presented at the Forty-seventh Annual Meeting of 


the Radiological Society of North America, Chicago, Illinois, November 26 to December I, 1961, and a paper presented at the 1962 
Meeting of the Eastern Conference of Radiology, New York, New York. 
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Fic. 2. (£) A pair of cassettes oriented at 9o degrees to each other is held by one of the original metal frames. 
(B) A patient is positioned for the upright posteroanterior wide angle projection. For anteriorly located 
thoracic and axillary soft parts abnormalities, the anteroposterior positioning was found most beneficial. 


mas. unchanged (Fig. 25). For the abdo- 
men, pelvis and hips, grid cassettes are 
employed at a 36 inch distance (the patient 
supine or upright) with no change in the 
mas. or kv. The grid lines must be oriented 


horizontallv to avoid underpenetration of 


the film. 


DISCUSSION 


(A) Wide angle roentgenography has 
been most advantageous in the roentgen 


examination of the thorax, particularly for 
detection of fresh rib cage and/or shoulder 
trauma with or without pneumothorax, and 
as part of a skeletal survey for metastasis. 

The integrity of the ribs, the aeration of 
the lungs and the condition of the shoulder 
joints can be appraised confidently —the 
wealth of information provided by the 
smgle wide angle projection usually obviat- 
ing the need for multiple exposures. In the 
disabled the advantages are self-evident. In 





Fic. 3. (4) The conventional chest roentgenogram of a patient complaining of bilateral shoulder pain and 
restricted arm movement, hospitalized following fresh trauma to his shoulders, is unremarkable. (B) The 
study with wide angle projection obtained at the same time, however, discloses calcific peritendinitis at the 
right shoulder and a dislocated humerus unassociated with fracture on the left. 
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lic. 4. Advanced thyroid carcinoma treated unsuccessfully by surgery and irradiation. (4) Conventional 
chest roentgenogram demonstrates metastases in the neck, superior mediastinum and right seventh rib. 
(5) In addition to accentuating the obvious metastatic disease, the wide angle studies show gross destruc- 
tion of the anterior axillary aspect of the left ninth rib (overlooked initially), plus extensive lysis of the 
axillary segment of the right sixth rib (not evident even retrospectively). 





FrG. 5. (4) Suspicious rib changes of indefinite character are seen on the conventional chest roentgenogram 
of patient having left-sided chest pain and a history of a subtotal colectomy for carcinoma 14 years previ- 
ously. (B) The left half of a wide angle projection study clearly defines the benign nature of simple, trau- 


matic fractures involving the axillary segments of the left eighth, ninth and tenth ribs undergoing un- 
complicated healing. 
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Fic. 6. Nonresolved pneumothorax on left. (4) Status of rib cage and pleural changes is obscured on con- 
ventional roentgenogram. (B) The wide angle projection study shows an intact left rib cage, more clearly 
defines the organized pleuritic adhesions (interfering with the re-expansion of the lingula and left lower 
lobe), and demonstrates the extent of the free fluid collection at the base. 


the ambulatory patient radiation exposure 
may be minimized (Fig. 3, 4 and 5). 

When included as a part of a skeletal 
survev, the wide angle projection study of 
the chest minimizes the number of individ- 
ually exposed parts and reduces time, expo- 
sure and number of films. It supplies at a 
glance vital information regarding the 
status of the shoulders and humeri, the 
parathoracic and axillary soft parts, in 
addition to the condition of the hilar areas, 
lungs and ribs. 

Wide angle roentgenography is helpful in 
the following areas of the chest: 


(a) The wide angle projection is espe- 
cially effective in exposing abnormalities in 
the axillary portion of the rib. This most 
elusive segment, comprising approximately 
one-third of the rib's length, is ordinarily 
telescoped, foreshortened and obscured by 
superimposition in standard frontal projec- 
tions. The conventional oblique view re- 
sults in a similar technical handicap to 
visualization of the more anterior extremity 
of the rib. Striking examples of the diag- 
nostic facility of the wide angle beam in 
this area are illustrated 1n Figures 4, 4 and 


B; and 5, 4 and B. 





Fic. 7. Right upper lobe lobectomy for carcinoma. (4) Conventional roentgenogram I year postoperatively 
shows an extrapulmonary mass representing recurrent neoplasm at the surgical site. (B) Wide angle pro- 
jection study reveals the adjacent ribs free of metastasis but demonstrates the presence of axillary metas- 
tasis (not evident initially). The medullary infarcts in the proximal right humerus, incidentally noted, are 
related to the patient's former occupation as a caisson worker. 
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Fic. 8. Small subcutaneous nodule in right breast. (4) Conventional roentgenogram of chest is unremark- 
able; however, (B) wide angle projection study demonstrates extensive axillary and parathoracic spread 


secondary to adenocarcinoma of the right breast. 


(b) Significant additional information 
may be obtained not only in cases of fresh 
but also nonresolving pneumothorax (Fig. 
6, 4 and B). 

(c) The overlving parathoracic and axil- 
lary soft tissues not diagnostically visual- 


b 
M - TE 


ized or appreciated on conventional studies 
may be seen to advantage (Fig. 7, 4 and 
B). 

(d) A logical extension of the use of the 
wide angle study would be in mammogra- 
phy. The experience with such use at the 
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Fic. 9. Anteroposterior upright wide angle projection study supplementing conventional cranial-caudad 
and oblique mammography projections clearly shows lymphadenopathy in the left axilla. 
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Fic. 10. Early Hodgkin’s disease. (4) Widening of the superior mediastinum is evident on cons 
roentgenogram. (B) The wide angle projection study, in addition, shows definite lymphadenopatl 
left suprahilar area and an asymmetric fullness of the left axillary soft parts, subsequently shown t 


to tumor. 


Bronx Veterans Administration Hospital, (B) Extrathoracic wide angle prc 
although slight, appears promising (Fig. 8, studies have also been rewardin 
A and B; and 9). status of the bones of the pelvis 

(e) The hilar and cardiovascular struc- pelvic soft tissues, hips and para-a 
tures may also be profitably investigated soft parts have been assessed mor 
by the wide angle technique (Fig. 10, Aand rately by this technique (Fig. 13, 4 
B; and 11, 4 and B). and 14, 4 and B). 

(f) Recently, upright wide angle studies (C) The "opening up" of the 
were included as part of bronchographic neck, ordinarily foreshortened in 
studies. The supplemental view successfully tional anteroposterior views of t 
separated images of bronchial branches prompted the use of the wide ang 
anatomically crowded and obscured by nique in examining the flexures of t 
superimposition in the routine views (Fig. (Fig. 15, 4 and B). 

12, 4 and 5). (D) The wide angle projectio: 





A) A large saccular aneurysm involving the posterior aspect of the ao 
addition, on the wide angle roentgenograms, crescent! 


Fic. 11. Luetic aortitis. ( 
seen on standard roentgenogram. (B) In 
tions associated with aneurysm of one of the aortic sinuses are noted. 
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Fic. 12. Left suprahilar mass. (4) Conventional frontal roentgenogram of bronchographic series demon- 
strates the effect of the mass, but the exact status of the individual left upper lobe branches is obscure. (B) 
On supplemental wide angle projection study the sharp cutoff of the involved apical posterior division of 
the left upper lobe by carcinoma is accurately identified. 





Fic. 13. Pelvic metastases from adenocarcinoma of the stomach. (4) Conventional anteroposterior roent- 
genogram demonstrates osseous metastasis. (B) Wide angle projection study, in addition, shows pathologic 
fractures and considerable involvement of the adjacent obturator soft parts. 





Fic. 14. Paraplegic patient with more recent trauma at the left hip. (7) Conventional anteroposterior roent- 
genogram suggests early union of a left subtrochanteric fracture. (Note the foreshortening of the femoral 
necks.) (B) The wide angle projection study clearly shows a pseudoarthrosis on the left and a fracture of the 
soft parts ossification adjacent to the left ischium. (The femoral necks are visualized "broadside"—the 
opening-up of the area demonstrating to better advantage the heterotopic para-articular soft tissue ossifi- 
cations.) 
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Fic. 15. Colonic flexures. (4) On the conventional upright air contrast study the flexures are obscured by 


the redundancy of the colonic loops. (B) The wide angle projection study actually unfolds the hepatic 
Hexure. 





lic. 16. Meningioma with findings of eighth cranial nerve disease (postoperative craniotomy). (4) Conven- 
tional posteroanterior roentgenogram shows an abnormal acoustic canal on the right. (B) The wide angle 
projection study magnifies the petrous bones through the orbits and demonstrates more clearly an asym- 
metric flaring of the internal acoustic canal— accentuating the more subtle change on the left side that 
might have been overlooked in the standard projection. Neurofibroma was found on the right at surgery; 
operation on the left side is pending. (Note incidentally the advantageous projection of the mandible, 
especially at the angles, offered by the wide angle view.) 
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may offer advantages in delineating intra- 
cranial and (mandibular abnormalities. 
More specifically, by magnifving the pet- 
rous bones, the status of the internal 
acoustic canal and meati as seen through 
the orbit may be appraised. Separation of 
the usually partially superimposed 1mages 
of the coronoid and condyloid processes 
may improve visualization of the com- 
ponents of the mandible, particularly at 
the angle, in addition to elongating the 
body of the mandible (Fig. 16, 4 and B). 


CONCLUSION 


A new method, '*wide angle roentgenog- 
raphy,” is described. In selected instances 
the diagnostic range of roentgen examina- 
tions of thoracic, abdominal, skeletal and 
intracranial structures has been extended 
by this adjunct modality. 

Wide angle roentgenography is a time- 
saving, inexpensive, dose-reducing aid that 


Wide Angle Roentgenography 


197 


especially facilitates roentgen examination 
of the disabled, injured or acutely ill patient 
—a simple and advantageous method that 
can be performed wherever radiology is 
practiced. 


Herbert S. Berlin, M.D. 
Radiology Service 
Highland Hospital 
Beacon, New York 
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THE SIXTY-FOURTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


HE Sixty-fourth Annual Meeting of 


The American Roentgen Rav Society 
will be held at the Queen Elizabeth Hotel, 
เล อ Canada, ก through Fri- 

7 his will be the ง time that the 
Society will have occasion to convene in 
this historic city which has the unique dis- 
tinction of being the second largest French 
speaking city in the world, next only to 
Paris, and the seventh largest urban-metro- 
politan center in North America. Montreal 
is a citv of churches, shrines, parks, fine 
restaurants and excellent shops—famous 
for scenic beauty, exquisite charm and un- 
surpassed hospitality. This renowned city 
is easily accessible by plane, train or by 
automobile. M facilities of the Queen 
เท ' EM: 
this vear's Annual Meeting. There should 
be no reason for our membership to fail to 
attend this Meeting which promises to be 
one of the most outstanding. 

Those planning to attend should make 
their reservations as soon as possible at the 
Queen Elizabeth Hotel. Dr. and Mrs. 
Carleton Peirce have very graciouslv ac- 
cepted the responsibilitv to serve as Chair- 
man of the over-all Committee on Local 
Arrangements and the Ladies Committee, 
respectively. We can be assured that with 
the splendid capabilities of the physicians 
and the ladies serving with them nothing 
will be left undone to make this a pleasant 
and memorable occasion. 

Elsewhere in this JOURNAL there is 
published a Preliminary Program of the 
Meeting. 

Registration will begin at 2 P.M. on 
Sunday, October 6 at the Registration 


Desk which will be set up in the Conven- 
tion Fover of the Hotel. 

The Local Committee has made avail- 
able to the Societv the facilities of the 
Roval Montreal Golf Club for the golf out- 
ing which will be held on Monday, October 
7. Dr. Robert G. Fraser is in charge of the 
Committee for the Golf Arrangements. The 
Roval Montreal Golf Club has the oldest 
golf course in the Western Hemisphere and 
one of the finest. We are indeed fortunate 
to have this course available. The Club 
ordinarily closes on October 1, but arrange- 
ments have been made to have it re-opened 
for the use of the Society on this date. All 
members and guests are invited to par- 
ticipate in this event. Bus transportation 
to the course will be provided from the 
Hotel and luncheon will be available at the 
Club. Following the afternoon of golf, a 
cocktail party will be held followed by the 
Annual Golf Dinner and the awarding of 
the trophies. Members of the Society are 
reminded that this is the annual — 
tion for the Willis F. Manges Trophy (low 
net) and the Exhibitors’ Trophy (low 
gross). 

The Sixty-fourth Annual Meeting will 
formally open at 8:30 A.M. on Tuesday, 
October 8 in the Grand Ballroom with the 
Call to Order by our President, Earl E. 
Barth. The Address of Welcome will be 
given jointly by His Worship, The Mayor 
of Montreal, and Dr. Paul Emile Cote, 
President of the Quebec Division of the 
Canadian Medical Association. This will 
be followed sequentially by the ceremonies 
incident to the Installation of the Presi- 
dent-elect by Dr. Barth and Dr. Medelman, 
President and Chairman of the Executive 
Council, respectively, of the Society. A 
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brief Address bv the incoming president of 
the Societv will then be delivered and 1t is 
expected that the Scientihe Program will 
begin at approximatelv 9:10 A.M. 

A total of 47 papers out of the large 
number offered has been selected by the 
Program Committee for presentation. These 
include well diversified topics and promise 
to be of excellent quality. An attempt was 
made, using the example set by President 
Barth at the last annual meeting, to group 
therapy and isotope papers with diagnostic 
papers throughout the week. 

An outstanding radiotherapist, Professor 
Robert McWhirter of Edinburgh, Scot- 
land, will give the Caldwell Lecture in the 
Grand Ballroom at 8:14 p.m. on Tuesday, 
October 8. His subject will be “Should 
More Radical Treatment Be Attempted in 
Breast Cancer?” Professor McWhirter. is 
well known in radiologic circles all over the 
world. He has many triends in this Society. 
The subject and his presentation un- 
doubtedly will prove most stimulating. 

The Director of Instruction Courses, 
Dr. Harold O. Peterson, assisted bv Dr. 
Donn G. Mosser, Associate Director, is 
again making arrangements for the Instruc- 
tion Courses. Dr. Peterson will prepare an 
Editorial with the details of the curriculum 
of the courses and a list of the Faculty 
Members for the August issue of the 
JOURNAL, 


Editorial 


Jury, 1963 

Dr. Lewis L. Etter, Chairman of the 
Committee on Scientific Exhibits, with his 
customary energy, has assembled exhibits 
of unusually high caliber, documenting the 
many facets in the rapid advance of radi- 
ology. 

The Technical Exhibits, as usual, prom- 
ise to be excellent and the number of ex- 
hibits presented will be among the largest 
in the Society’s history, as reported by Dr. 
James C. Cook, Manager of the Annual 
Meeting, and Clifford L. Sherratt, Honor- 
ary Member. These exhibits may XE viewed 
in Galleries 1, 2, D and 4, and in the 
Saguenay Room and Saint Maurice Room. 

The annual Banquet will be held at 
7:30 P.M., Thursday, October ro, in the 
Grand Ballroom, preceded bv a Cocktail 
Party from 6:30 to 7:30 P.M. in the Duluth 
and McKenzie Rooms. 

The Sixty-fourth Annual Meeting in 
Montreal will be most attractive in every 
respect. It is hoped that all of our members, 
families and friends will take advantage of 
this opportunity to visit Montreal to at- 
tend. 

Rapa M. Cavurk, M.D. 
President- Elect 
Department of Radiology 


Washington Hospital Center 
Washington, D. C, 
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SIXTY-FOURTH AN? 


'UAL MEETING OF THE AMERICAN ROENTGEN 


RAY SOCIETY 


The Sixtv-fourth Annual Meeting of the 
American Roentgen Rav Society will be 
held at the Queen Elizabeth Hotel, Mon- 
treal, Canada, Tuesday through ' 
October 8 to IT, 1963. 

The ก อ ท Council will meet Sun- 
day, October 6, 9:00 a.m. in the Mata- 
pedia Room. 

On Monday, October 7, the Annual Golf 
Outing will be held at the Roval Montreal 
Golf Club. Both Guests and Members are 
invited to participate. Members will com- 
pete for the Willis F. Manges and the 
Exhibitors’ Trophies. 
Dinner will be held at the Club at 7 7:15 P.M. 

The Scientific Sessions will be held each 
morning, Tuesday through Fridav, in the 
Grand Ballroom, beginning at 9:30 A.M. 
and continuing through 12:30 p.m. Profes- 
sor Robert McWhirter will deliver the 
Caldwell Lecture in the Grand Ballroom 
at 8:15 P.M., Tuesday, October 8 

The fastruedion Caine will be offered 
from 3:00 P.M. to 4:30 P.M. on Tuesday, 
Wednesday and RE and from 1:30 
P.M. to 3:00 P.M. on Friday. The detailed 
plan of the Instruction Courses will be 
published in the August issue of the 
JOURNAL. 

The Scientific Exhibits may be seen in 
the Marquette and Jolliet Rooms from 
5:00 A.M. to 8:00 P.M. on Tuesday, from 
8:00 A.M. to 9:00 P.M. on W ednesday, from 
8:00 A.M. to 7:30 P.M. on Thursday, and 
from 8:00 A.M. to 12:30 P.M. on Friday. 

The Technical Exhibits DM be located 
in Galleries 1, ^ 
The ea Exhibits will = Ope from 
8:00 A.M. to §:00 P.M. on Tuesday through 
Thursday, and from 8:00 A.M. to 1:00 P.M. 
on Friday, 

The Annual Banquet will be held Thurs- 
day evening at 7:30 p.m. in the Grand 
Ballroom, pr ae by cocktails served in 


The Annual Golf 


the Duluth and Mackenzie Rooms, begin- 
ning at 6:30 P.M. 

The following Scientific Sessions have 
been arranged by the Program Committee 
under the Chairmanship of the President- 


Elect, Ralph M. Caulk. 


Tuesday, October 8, 1963 
Grand Ballroom 


5:30 a.m. Call to Order, Sixty-fourth Annual 
Meeting: Earl E. Barth, M.D., Chicago, 
Illinois, President. Address of เก ศศ His 
W Te pl Mavor of Montreal, and Dr. Paul 
Emile Cote, President, Quebec Division, 
Canadian Medical C on 

Installation of President-E lect, 
Caulk, M.D., Washington, D. C. , by Earl E. 
Barth, M. p. President, Ec. Illinois, 
ae John P. 0 D., Ww ote Bear 


Ralph M. 


C Ou s C e 


Presidential Address: Ralph M. Caulk, M.D. 
9: IO A.M. 


Presiding: Ralph M. Caulk, M.D. 
Washington, D. C. 


t. Mammography As a Screening Examina- 
tion for Breast Cancer Detection. David 
M. Witten, M.D. (by invitation), Roch- 
ester, Minnesota, and Deloran L. Thurber, 
M. D. (by invitation), Rochester, Minne- 
sota. 

The Normal Female Breast in Mammog- 
raphy. Philip Strax, M.D. (by invita- 
tion), New York, New York, and Maurice 
M. Pomeranz, M. D., New York, New 
York. 





เว 





3. A Reproducibility Study of Mammog. 
raphy. Robert L. Egan, M.D., Indian- 


apolis, Indiana. 

4. Changes i in the Anterior Choroidal Artery 
in Intracranial Lesions. Marjorie LeMay, 
M.D., Boston, Massachusetts, and David 
M. Pme M.D. (by invitation), 
Boston, Massachusetts. 

Observations on Retrograde Blood Flow in 
the Vertebral Arteries. Romeo Ethier, 


Ly 
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M.D. (by invitation), Montreal, Quebec. 

6. Detection of Intracranial Lesions with 
Radio-Isotopes Using the Mark Hl 
M.N.I. Model of the Saskatoon Contour 
Scanner. William Feindel, M.D. (by 
invitation), Montreal, Quebec, Donald L. 
McRae, M.D., Montreal, Quebec, Lucas 
Yamamoto, M.D. (by invitation), Mon- 
treal, Quebec, and Nicholas Rumin, 
M.D. (by invitation), Montreal, Quebec. 

7. Axial Transverse Encephalography. Gio- 
vanni Di Chiro, M.D. (by invitation), 
Bethesda, Marvland. 

à. Chromophobe Adenomas of the Pituitary 
Gland. G. E. Sheline, M.D., San Fran- 
cisco, California, E. B. Boldrey, M.D. 
(by invitation), San Francisco, ali- 
fornia, and T. L. Phillips, M.D. (by 
invitation), San Francisco, California. 

9. Twelve Year Experience with Large Field 
2 Mev. Irradiation of Lymphoma. Ferdi- 
nand A. Salzman, M.D., Boston, Massa- 
chusetts, David O. Johnston, M.D., 
Boston, Massachusetts, Magnus L 
Smedal, M.D., Boston, Massachusetts, 
John G. Trump, D.Sc., Boston, Massa- 

chusetts, and Kenneth A. Wright, M.S. 
(by invitation), Cambridge, Massa- 
chusetts. 

to, A Visual. Examination of ‘Tomographic 
Systems. J. T. Littleton, M.D., Sayre, 
Pennsylvania. 





Tuesday Evening, October 8, 1963 
Eight-fifieen o'clock 
Grand Ballroom 
THE CALDWELL LECTURE 
Should More Radical Treatment Be At- 
tempted in Breast Cancer? 
by 
Professor Robert MeWhirter 
Professor, Radiotherapy, University of Edin- 
burgh; Director, Radiation Services, The 
Royal Infirmary and Western General Hos- 
pital, Edinburgh, Scotland. 


Wednesday, October 9, 1963 
Grand Ballroom 


8:30 A.M. 
Presiding: Arthur C. Singleton, M.D., 
FRCP 
Toronto, Ontario 


it. Air Trapping, Pulmonary Insufficiency and 


fury, D 


Fluorodensimetry. Charles Oderr, M.I 
New Orleans, Louisiana. 





12. Pulmonary Edema: Correlation of Rad 


logic Appearance and Abnormal Phy 
ology. Robert P. Barden, M.D., Phi 
delphia, Pennsylvania. 


13. Further Experiences with the Use of Barn 


As a Bronchographic Contrast Medtu 
Sidney W. Nelson, M.D., Columb 
Ohio, Anthimos Christoforidis, M. 
(br invitation), Columbus, Ohio, 2 
Phillip C. Pratt, M.D. (by invitatio 
Columbus, Ohio. 


14, Pneumothorax and Pneumomediastin 


in the Newborn. Charles N. Chas 
M.D. (by invitation), Pittsburgh, Pe 
sylvania. 


rz. Laryngomalacia. J. S. Dunbar, M. 


Montreal, Quebec, W. MacEwan, M 
(by invitation), Montreal, Quebec, B. 
J. Brown, M.D. (by invitation), M 
treal, Quebec, and M. B. Nogrady, M 
(by invitation), Montreal, Quebec. 


Stenosis by Direct Radiological Measi 
ment of the Ostium. Marvin J. Friec 
berg, M.D. (by invitation), St. Le 
Missouri, Erik Carlsson, M.D. (by 
vitation), St. Louis, Missouri, Alexi: 
Hartmann, Jr., M.D. (by invitation). 
Louis, Missouri, and M. Remsen Bel 
M.D. (by invitation), St. Louis, l 
scuri. 


17. Roentgenographic Aspects of Conger 


Left Ventricular Outflow Tract 

struction. Atis K. Freimanis, M.D. 
invitation), Columbus, Ohio, Charle 
Wooley, M.D. (by invitation), Col 
bus, Ohio, Charles V. Meckstroth, À 
(by invitation), Columbus, Ohio, 

William Molnar, M.D., Columbus, € 


18, Aneurysm of the Membranous Inter 


tricular Septum, Murray G. Baron, ^ 
(by invitation), New York, New Y 
Bernard S. Wolf, M.D., New York, 
York, L. H. S. Van Mierop, M.D. 
invitation), Albany, New York, 
Arthur Grishman, M.D. (by invitat 
New York, New York. 











1g. Dissecting Aneurysms of the Tho 


Aorta: Their Angiocardiographic I 
onstration. Samuel D. Hemley, ? 
(by invitation), New York, New ๆ 


Virginia Kanick, M.D. (by invitat 
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New York, New York, Richard D. Kit- 
tredge, M.D. (by invitation), New York, 
New York, and Nathaniel Finby, M.D., 





M.D., Atlanta, Georgia, and James L. 
Achord, M.D. (by invitation), Atlanta, 
Georgia, 


New York, New York. 25. The Thoracic Duct in Health and Disease. 


20. Variations in the Radiologic Appearance in 
Corrected Transposition. Lewis S. Carey, 
M.D. (by invitation), St. Paul, Minne- 
sota, and H. Ruttenberg, M.D. (by 
invitation), St. Paul, Minnesota. 

21. The Radiographic Diagnosis of Abnor- 
malities of the Pulmonary Arteries. 
Edward B. Singleton, M.D., Houston, 26. 
Texas, Robert D. Leachman, M.D. (by 
invitation), Houston, Texas, and Harvey 
S. Rosenberg, M.D. (by invitation), 
Houston, Texas. 

22. An Anatomic-Radiologic Analysis of the ว 7 
Brachiocephalic Vessels. Morton A. 
Bosniak, M.D. (by invitation), New 
York, New York. 

23. Volume Characteristics of the Left Heart 42 
Chambers in Mitral Valve Disease. 
Melvin M. Figley, M.D., Seattle, Wash- 
ington, Tamnit Ansushina, M.D. (by 
invitation), Seattle, Washington, Wil- 
liam J. Mikkelsen, M.D. (by invitation), 
Seattle, Washington, Robert A. Bruce, 
M.D. (by invitation), Seattle, Washing- 
ton, and John R. Blackmon, M.D. (by 


+ 
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Sidney Wallace, M.D. (by invitation), 
Philadelphia, Pennsylvania, Laird Jack- 
son, M.D. (by invitation), Philadelphia, 
Pennsylvania, Roy R. Greening, M.D., 
Philadelphia, Pennsylvania, and Gerald 
D. Dodd, M.D., Philadelphia, Penn- 
sylvania. 

‘otching: Its Many Causes. Byron E. 
Swenson, M.D. (by invitation), Cin. 
cinnati, Ohio, Max Boone, M.D. (by 
invitation), Cincinnati, Ohio, and Benja- 
min Felson, M.D., Cincinnati, Ohio. 





Carcinoma of the Esophagus: Cobalt 6o 


Teletherapy Experience and Comparison 
with Surgical Results. John Hunt Walker, 
M.D., Seattle, Washington. 


Flat Films of the Abdomen on soo Con- 


secutive Patients over 40 Years of Age As 
a Survey Procedure. Harold D. Rosen- 
baum, M.D., Lexington, Kentucky, 
Arthur Lieber, M.D. (by invitation), 
Lexington, Kentucky, and Daniel J. 
Hanson, M.D. (by invitation), Lexing- 
ton, Kentucky. 


: 29. Hypovolemia Following Use of Water Solu- 
invitation), Seattle, Washington. ble Contrast Agents. E. B. D. Neuhauser, 
Wednesday, October 9, 1963 ALD., Boston, Massachusetts, Paul 
Crant D sm Harris, M.D. (by invitation), Boston, 
Massachusetts, and Robert Gerth, M.D. 

2 IN : * E * ^ Y A 
เก ว bv invitation), Boston, Massachusetts. 

1 #3 3 

Presiding: Ralph M. Caulk, M.D. 30. Radioactive I?! and P? As Aids to Diag- 


Washington, D. C. 


Panel: Some Current Activities of the American 
College of Radiology. 

Moderator: T. Y. Wachowski, M.D., Wheaton, 
IHlinois. 

Panelists: John D. Reeves, M.D., Gainesville, 

Florida 

Ted F. Leigh, M.D., Atlanta, Georgia 
Earl E. Barth, M.D., Chicago, Illinois 
W. D. Buchanan, M.D., South Bend, Indiana 
David S. Carroll, M.D., Memphis, Tennessee 


Thursday, October 10, 1963 
Grand Balíroom 


8:530 A.M. 


Presiding: George Cooper, Jr., M.D. " 
Charlottesville, Virginia 


t2 


24. Esophageal Perforation. Ted. F. Leigh, 


nosis of Lesions of the Stomach. Donald 
L. Otto, M.D. (by invitation), Detroit, 
Michigan, Norman H. Horwitz, Ph.D. 
(by invitation), Detroit, Michigan, 
Raymond S. Kurtzman, M.D. (by in- 
vitation), Detroit, Michigan, and James 
E. Lofstrom, M.D., Detroit, Michigan. 


31. Evaluation of the Conventional Roentgen 


Techniques for Demonstrating Duodenal 
Ulcer Craters. George N. Stein, M.D., 
Philadelphia, Pennsylvania, Russell. D. 
Martin, M.D. (by invitation), Philadel- 
phia, Pennsylvania, Robert H. Roy, 
NLD. (by invitation), Philadelphia, Penn- 
svlvania, and Arthur K. Finkelstein, 
MLD., Philadelphia, Pennsylvania. 


. The Radiologic Findings in Diseases of the 


Lesser Peritoneal Sac. Harry Z. Mellins, 
M.D., Brooklyn, New York. 
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33. Refrigeration and Irradiation: Part IH-- 
Air Cooling of the Skin Field during 
Electron Beam Therapy. Edwin j. 
Liebner, M.D., Chicago, Illinois. 

34. The Immediate and Delayed Effects of 
Ionizing Radiations on the Mammalian 


Embrvo. Roberts Rugh, Ph.D., New 
York, New York, and Miss Marlis 


Wohlfromm (by invitation), New York, 
New York. 

35. The Time Factor in Radiotherapy: A 
Clinical Radiobiological Study of Ex. 
tremes of Dose and Time. J. Robert 
Andrews, M.D., D.Sc., Bethesda, Mary- 
land. 

36. Some Aspects of the Early Radiation Syn- 
drome. W. D. Rider, M.B., (by invita- 


tion), Toronto, Ontario, A. Bruce- 
Robertson, M.B. (by invitation), 


Toronto, Ontario, and A. S. McFarlane, 
MLD. (by invitation), London, England. 


Friday, October 11, 1903 
Grand Ballroom 


8:30 A.M. 


Presiding: John P. Medelman, M.D. 
White Bear Lake, Minnesota 


Diagnostic Applications of Closed-Circuit 
Television in Neuroroentgenology. Colin 
B. Holman, M.D., Rochester, ? Minnesota, 

38. Three Years’ Experience with Television 
Tape Recording of the Fluoroscopic 
Image—A Consideration of Methods of 
Transterring Information from the Tele- 
vision Tape. Bertram R. Girdany, M.D., 
Pittsburgh, Pennsylvania, and Sev en E. 
Ross, M.D. (by Patio. Pittsburgh, 
Pennsylvania. 

Performance Evaluation of Image Ampi 
her and Television Systems. Robert D. 
Mosley, Jr., M.D. , Chicago, Ilinois, and 
Thure Hon: M. D. (bv invitation), Lund, 
Sweden. 


39- 


40. The Remaining Kidney ไท Survivors of 


M.D, 
Cale 


Wilms’ Tumor. Jerome M. Vaeth, 
(by invitation), San Francisco, 
fornia. 

. à Review of the Combined Cancer Clinics, 
Experience in the Treatment of Cancer 


Preliminary Program 


Jury, 1963 
of the Lung in Ontario from 1938 to 19:8. 
R. C. Burr, M.D. (by invitation), Kings- 
ton, Ontario, E. N. MacKay, M.D. (by 
TU P ก ร Toronto, nano. and A. H. 
Sellers, M.D. (by invitation), Toronto, 
Ontario. 

42. The Technology of /n-Fivo Radiation 
Dosimetry with Miniature Solid State 
Detectors: Gold Sheathed Radiophoro- 
luminescent Glass Rods. Part I: Physical 
Investigation. Part II: Clinical Studies. 
Bernard Roswit, M.D., Bronx, New 
York, Harold M. Jones, M.D. (bv in- 
vitation), Bronx, New York, Stanley J. 
Malskv, Ph.D. (by invitation), Bronx, 

New York, Cyprian B. Reid, B.Sc. (by 
invitation), Bronx, New York, Charles 
Amato, B.S. (bv invitation). Brons New 
York, and Charles Spreckels, B.E.E. (by 
invitation), Bronx, New York. 

43. Urinary Tract Changes in Myelomeningo- 
cele. R. Graf, M.D. (by invitation), 
Iowa City, Towa, E. f. Trembath, M.D. 
(by invitation), Towa City, Iowa, J. H. 
Smith, M.D. (by invitation), Iowa City, 
Iowa, R. H. Flocks, M.D. (by invitation), 
lows City, Iowa, and E. F. Van Epps, 
M.D., loot. Iowa. 

44. Phy " of Ureteral Obstruction As 
Determined by Radiological. Studies. 
Milton Eikin, M.D., New York, New 
York, Saul Bovarsky, M.D. (by invita- 
tion), New York, New York, Neville 
Kaum. M.D. (by invitation), Ne 
New York, and Jose Martinez, M.D. | (by 
invitation), New York, New Y ork. 

45. Radiological Aspects of Schistosomiasis of 
the Urinary System. Philippe F. Polani, 
M.D. (by invitation), Baltimore, Mary- 
land. 

46. Radiological Evaluation of Nephrocal- 
cinosis with Special Reference to Hyper- 
oxaluria. Alfred L. Weber, M.D. (by 
invitation), Boston, Massachusetts. 

47. Evaluation of the Clinical Usefulness of 
Radiological Findings in Squamous Cell 
Carcinomas of the Larynx. Rubin Klein, 
M.D. (bv invitation), Houston, Texas, 
and Gilber t H. | M.D., Houston 
Texas. 
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NEWS ITEMS 


NATIONAL ACADEMY OF SCI ENCES 
NATIONAL RESEARCH COUNCIL 
Awards in Radiologie Research and Nuclear 
Medicine, James Picker Foundation 

On behalf of the James Picker Founda. 
tion, the National Academy of Sciences— 
National Research Council is accepting ap- 
plications for fellowships and grants in the 
field of radiology and nuclear medicine for 
the year 1964-1965. Awards are made in 
four categories: 

The Advanced Fellowships in Academic 
Radiology reflect the primary interest of 
the James Picker Foundation in the de. 
velopment of personnel for careers in aca- 
demic radiology. The purpose is to prepare 
the fellow to meet in full the intellectual 
demands of an academic position. Emphasis 
Is placed upon the acquisition of a broad 
background in the basic sciences related to 
radiology. Preference will be given to ap- 
plicants under 34 years of age. Completion 
of clinical training in radiology ordinarily 
will be a prerequisite. The candidate should 
be prepared to devote a minimum of 2 
years to course work in the basic sciences 
and to the application of the techniques 
and methods of these disciplines to radio- 
logic research. In arranging the details of 
his program, the prospective fellow will 
have opportunity for consultation with 
mem bers of the Academy--~Research Coun- 
cil’s Committee on Radiology. Application 
will be accepted on nomination by a clinical 
adviser, who should be a member of the 
statf of a Department of Radiologv in a 
medical school. 

Postdoctoral Research Fellowshi ps are 
open to recent graduates who desire investi- 
gative experience and training in radiology 
or nuclear medicine. While persons from 
closely related disciplines are eligible to 
apply, candidates with some training in 
radiology and/or nuclear medicine will re- 
ceive preference. Applicants must hold the 
M.D., Ph.D., or Sc. D. degree or the equiva- 
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veloping Junior staff members in radiologv 
and nuclear medicine. This is a transi. 
tional form of support, designed to bridge 
the gap between the completion of research 
fellowship training and the period. when 
the voung scientist has thoroughly demon- 
strated his competence as an independent 
investigator. The application is submitted 
by the institution on behalf of the prospec- 
tive Scholar. If the request is approved, a 
grant of $6,000 per year will be made di- 
rectly to the institution as a contribution 
toward the Scholar's support, or his re- 
search, or both. Initial grants are made for 
2 years, but renewal for a third year mav 
be recommended. 

Grants-in-Aid of Research are designed 
to encourage investigations in radiologv 
and nuclear medicine offering promise of 
improvement in methods of diagnosis or 
treatment of disease. In line with the inter- 
ests of the Foundation, the program is ori- 
ented toward, but not necessarilv limited 
to, the diagnostic aspects of these fields. 
Radiologic studies involving the use of 
radioisotopes fall within the scope of this 
program. Research grants are awarded to 
institutions, rather than to individuals. 
Initial awards may be made for 2 years, 

Applications in these four categories will 
be reviewed by the Committee on Radiol- 
ogy of the Academy—Research Council’s 
Division of Medical Sciences. Final de- 
termination. of awards is made by the 
Foundation upon recommendation of the 
Division. Support is not restricted to citi- 
zens of the United States or to institutions 
within this country. 

Applications for the fiscal vear 1964- 
1965 should be submitted by October E 
1963. Application blanks and further de. 
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tails may be obtained from the Committee 
on Radiology, National Academy of Sci- 
ences-~National Research Council, 2701 
Constitution Avenue, NJE., Washington 25, 
D.C. 

The Medical Research Council of Canada 
serves as scientific adviser to the James 
Picker Foundation with respect to its 
Canadian program. If the proposed studies 
are to be carried out in Canada, requests for 
information and application forms should 
therefore be directed to the Secretary, 
Medical Research. Council, National. Re- 
search Building, 100 Sussex Drive, Ottawa 
2, Canada. The closing date for the receipt 
of applications from Canadian investi- 
gators is December 1, 1963. 


BAVARIAN-AMERICAN RADIO- 
LOGICAL SOCIETY 

In February, 1962, four U. S. Army radi- 
ologists, all diplomates of the American 
Board of Radiologv and members of the 
American College of Radiology, represent- 
ing the four Bavarian cities of Augsburg, 
Munich, Nuremberg, and Wuerzburg, met 
in Nuremberg, and organized an overseas 
radiological society "to promote the dis- 
semination of radiological information, 
stimulate interest in the history of radi- 
ology, and encourage clinical research, espe- 
cially in the field of diagnostic roentgen- 
ology.” 

The membership now totals 14 active and 
5 associate members. Quarterly meetings 
are being held in various cities, the first 
four in the "founding cities" of Bavaria. 
The officers are: President, Eugene M. 
Griffin, Jr.; Vice-President, James A. Arata; 
Secretary, Robert W. Edland; Member- 
ship Chairman, John Kimbrough. 

While this organization has the approval 
of the Command Army Medical Facilities 
Europe, it is in no way to be construed as 
expressing Official Army Policy on any 
subject. 
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For further information please write 
Robert W. Edland, M.D., Major, ? 
USA, United States Army Hospital Au 
burg, 21st Evacuation Hospital, Chiet 
Radiology Service, APO 178, New Yc 
New York. 


SYMPOSIUM ON RADIATION EMER- 
GENCIES IN MEDICINE, RESEARCH 
AND INDUSTRY 

The Midwest Chapter of the He: 
Physics Society announces a Symposiun 
Radiation Emergencies 1 ท Medicine, 
search, and Industry to be held on Dec 
ber 19 and 20, 1963 at the Pick-Cong 
Hotel, Chicago, Illinois. 

For further information, please con 
Robert V. Wheeler, Argonne National I 
oratory, 9700 South Cass Avenue, 
gonne, Illinois. 


The VII Symposium Neuroadiologi 
will be held in New York City at 
Waldorf-Astoria Hotel on September 
25, 1964. 

In addition to essavs on subject 
diagnostic and therapeutic neuroradio. 
interest, the VII Symposium Neuror: 
logicum will extend the format of the s 
tific programs of past meetings to inc 
a Symposium on Radiation and the ^ 
ous Svstem. The latter will include es 
on the Radiobiologv of the Nervous 
tem, effects of radiation encountere 
outer space, and the use of ultrasound 
radioisotopes in diagnosis and therap: 

Appropriate scientific papers or exh: 
or both, are invited. 

The New York World’s Fair will | 
progress at the time of the Symposiur 

Please write to Dr. Juan M. Tav 
President, Neurological Institute, Cc 
bia-Presbyterian Medical Center, 
York 32, New York. 
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CLINICAL RADIOLOGY or tHe BILIARY TRACT, 
By Wilham H. Shehadi, M.D., F.A.C.R,, 
Director, Department of Radiology, The 
United Hospital, Port Chester, New York. 
Formerly, Professor and Director, Depart- 
ment of Radiology, The New York Poly- 
cline Medical School and Hospital, New 
York, New York. With a chapter on Radia- 
tion Therapy by Harold W. Jacox, B.S., 
M.D., 
Physicians and Surgeons, Columbia Uni. 
versity, New York, New York, Chief, Radia- 
tion Therapy Division, Radiologic eve. 
Presbyterian Hospital, New York, New Y ork, 
Cloth. Price $16.00. Pp. 305, with 181 illus- 
trations. The Blakiston Division, McGraw- 
Hill Book Company, New York, Toronto, 
London, 1963. 


The desire to acknowledge the achievements 
of scientific forebears is a mark of intellectual 
maturity. It is therefore no mere coincidence 
that the author of this excellent monograph is 
also the owner of a collection of over 100 gas 
(x-ray) tubes, including many rare and early 
specimens. The frontispiece of the book is a 
photograph of gallstones found together with a 
skeleton in a tomb in Southern Greece, dating 
back to about 1500 B.C. The author's preoc- 
cupation with historic detail is also shown by 
the inclusion of retrospective glances on the de- 
velopment of the various diagnostic procedures. 
Equally as commendable 
inadequate vocables, such 
plate." 

The author is an internationally recognized 
authority on. the examination of the biliary 
tract. This volume reviews (almost) the entire 
gamut of available diagnostic procedures. It is 
divided into four parts, the liver, the extra- 
hepatic biliary tract, the pancreas, and an ap- 
pendix on the disappointing radiation therapy 
of periampullary malignancies. 

It is the sacrosanct duty of a reviewer to find 
at least something wrong in a book, The author 
has deleted information on the preoperative 
manometry of gallbladder and biliary ducts, a 
method preconized by French and Bu. 


as "dye" and “flat 


Professor of Radiology, College of 


is his rejection of 


authors. This is in line with his emphasis on 
English and German authors, as shown in the 
bibliogr aphy. No mention is made of neuroma 
of the cystic stump, nor of the syndrome of the 
muon cistico popularized by Lidio Mosca of 
Córdoba (Argentina). But then, Shehadi be- 
lieves that what is often called the postchole- 
cystectomy syndrome is a chronic inflamma- 
tory process of the biliary ducts, which had 
existed from the beginning (not infrequently 
with no disease in the gallbladder itself), but 
which had not been recognized prior to chole- 
cystectomy. 

The numerous and beautiful illustrations and 
the legible print add to the value of this mono- 
graph, which is highly recommended both to 
those who (think thev) know and to those who 
(are anxious to) learn. 


E. R. N. Grice, M.D. 


An Arias OF DETAILED NORMAL PNEUMO- 
ENCEPHALOGRAPHIC ANATOMY. By Giovanni 


Di Chiro, M.D., Head of Section on Neuro- 
radiology, N ational ae of 0 





af Bel. Bethesda, 0 Ca: Pri rice, 
$19.00. Pp. 328, with 283 illustrations, 
Charles C T s Publisher, 301-327 East 
Lawrence Avenue. Springfield, Ill, 19651. 


Neuroradiology is now recognized as a DIAM 
or subspecialty of radiology in most centers 
throughout the world. In the United States, 
such special studies were accepted as being 
important, but for many reasons, were not 
exploited except in a few centers. In those 
centers where neuroradiology is done well, the 
patient has been exposed to better clinical and 
surgical therapy than is available in depart- 
ments that do not emphasize special procedures 
employed in this particular area. 

The field of neuroradiology requires special 
knowledge of neuroanatomy, neurophysiology, 
neuropathology and special radiologic tech- 
niques. Such a basic program in neuroradiology 
provides an opportunity for the neuroradiolo- 
gist to be an effective member of the team that 
is concerned with new diagnostic and thera- 
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peutic approaches that require demonstration 
and localization of specific target areas in the 
brain and its appendages. 

The author of this volume is a neuroradiolo- 
gist of real distinction. In a most acceptable 
manner, he has emploved fractional pneumo- 
encephalography with and without body section 
roentgenography, and axial transverse en- 
cephalography (as developed at the National 
Institute of Neurological Diseases and Blind- 
ness, Bethesda) to demonstrate many anatomic 
structures, large and small—some for the first 
time. 

The illustrations of the various structures of 
the brain, the coverings, the vessels, the nerves 
and the surrounding bony structures are ex- 
cellent. The roentgenographic reproductions 
and the accompanying sketches are of a high 


quality. The publishers have presented this 
unique material in their usual preeminent 
manner. 


The review of this book was not requested by 
this Journat. It seemed to me that this Atlas 
was so beautifully prepared and its contents are 
so important to teachers and students in radiol- 
ogv that I should obligate myself to make this 
review. This T have done. It is critical and 
enthusiastic. This is a book that should be 
available to every radiologist and : every 
medical library. 


Eucene P. PENbERGRass, M.D. 


BOOKS RECEIVED 
CONFERENCE ON BIOLOGY or CUTANEOUS CANCER. 
National Cancer Institute Monograph No. 1o. 
Edited by Frederick Urbach, M.D. Paper. Price, 
$4.50. Pp. 660, with numerous is S 


Public Health Service, "National M of 
Health. Bethesda 14, Md., 1963. 


La DODENOGRAPHIE HYPOTONIQUE: EXPLORATION 
FLECTIVE pe LAMPOULE DE VATER ET DE LA 
TÉTE DU PaxcRÉas. By Paul Jacquemet, Chef de 
Laboratoire de la Faculté de Médecine de Lyon; 
Attaché de Radiologie des Hôpitaux de Lyon, 
France, and Domingo Liotta, Professor agrégé à la 
Faculté de Médecine de Cordoba (Argentine). 
Paper. Pp. 184, with 93 illustrations. Masson et 
CE Éditeurs, Paris, France, 1963. 

Her y ASTSTELLEN VAN ASERRANIE ARTERIEN IN 
HET MEDIASTINUM SUPERIUS Door MIDDEL VAN 
HET OrsopHacocram. By A. C. Kinkhamer, 
Paper. Pp. 187, with 66 illustrations. Drukkerij 
Henri Bergmans N.V., Tilburg, Netherlands, 
1962. 

STRAHLENSCHUTZ IN ForscHuNG UND Praxis. Jahr- 
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TUMORS or THE 


JELY, 1963 
buch der Vereinigung Deutscher Strahlenschutz- 
ärzte, E. V. Volume 2. Cloth. Pp. 376, with many 
illustrations. Price, DM 59.50. Verlag Rombach, 
Postfach 1349, 78 Freiburg im Breisgau, Germany, 


Tue Brocuemistey or BLADDER Cancer. By Eric 


Bovland, D.Sc. (Manchester), Ph.D. (London), 
Professor of Biochemistry in the University of 
London at the Chester Beatty Research Institute, 
Institute of Cancer Research, London, England. 
Cloth. Pp. 9s, with some ilustrations. - 


8 ร 6.04, Charles C Thomas, Publisher, 301-327 
East Lawrence Ave., Springfield, HL, 1963. 


CHEST, By Thomas J. Kinsella, 
M.D., Clinical Professor of Surgery, University 
of Minnesota; Senior Consultant, Thoracic Sur- 
gery, U. S. Veterans’ Bureau Faculty, Fort Snell- 
ing, Mannesota. Cloth. Pp. 145, with many illus- 
trations, Price, $19.50. Chane C Thomas, Pub- 
lisher, 301-327 East Lawrence Ave., Soempheld. 
I. ; E953. 

L'Éi JIPHYSIOLVSE pe LA Hancue. By Pierre Lacroix, 
Professeur de Chirurgie orthopédique et de Trau- 
matologie à l'Université de Louvain; Chef de Serv- 
ice aux Cliniques. universitaires Saint-Pierre à 
Louvain; Membre correspondant de l'Académie 
royale de Médecine de Belgique. Cloth. Pp. 130, 
with 47 illustrations. Editions Arscia 5. A., 60 rue 
de l'Etuve, Bruxelles, Belgium; and Masson et 
Ci 120 Boulevard Saint-Germain, Paris, France, 


1963. 
Boxe CHANGES IN. HEMATOLOGIC DISORDERS; 


(ROENTGEN Aspecrs): A ไช อ บ มา Sinar Hosprrat 
Monocraeu. By John E. Moseley, M.D., Associ- 
ate Attending Radiologist, The Mount Sinai Hos- 
pital, New York; Director, Department of Radiol- 
ogy, Sydenham ‘Hospital, New York. Cloth. Pp. 
261, with many illustrations. Price, $9.50. Grune 
& Stratton, Ine., 381 Park Ave, S., New York 16, 
N. Y, 1955. 

Cancer or THE UTERUS; From Gross APPEARANCES 
TO UrrRnasTRUCTURE. By Carlo Sirtori, M.D., 
Expert of the Cancer Committee of the World 
Health Organization; Director of the Morbid 
ue 0 ot mee ย seven) Cancer 
of ihe Tubs e of a pue Ms aggiore of 
Vercelli. Second Edition. Cloth. Pp. 384, with 279 
illustrations. Price, $22.50. Charles C Thomas, 
Publisher, 301—327 East Lawrence Ave., Spring- 


field, HL, 1963. 
Tug Bopy CELL Mass anp Irs Supporting EN- 


VIRONMENT; Bopy Composrrion In HeaALrH and 
Disease. By Francis D. Moore, A.B, M.D., 
M.Ch. (Hon), Moseley Professor of Surgery, 
Harvard Medical School; Surgeon-in-Chief, Peter 
Bent Brigham Hospital; Knud H. Oleson, M.D., 
D.M.Sc. (Copenhagen), Senior Assistant Physi- 
cian, Rigshospitalet; Lecturer in Medicine, Uni- 
versity of Copenhagen, Denmark; James D. 
McMurrev, A.B., M.D., Assistant Professor of 


Vor. 90, No. 1 


Surgery, Baylor University College of Medicine; 
Associate Surgeon, Methodist Hospital; Associate 
Attending Surgeon, Jefferson Davis Hospital; 
Assistant Chief of Surgery, Veterans Administra- 
tion Hospital, Houston; Texas; H. Victor Parker, 
A.B., M.D., Attending Surgeon, The Huron Road 
Hospital, Cleveland: Ohio; Margaret R. Ball, 
A.B., Chief Biochemical Technician, laboratories 
for Siireical Research of The Farei Medical 
School, Peter Bent Brigham Hospital; and Caryl 
Magnus Boyden, B.S., M.S., Chief Biophysical 
Technicain, La borátories lor Surgical Research 
of the Harvard Medical School, Peter Bent Brig- 
ham Tospital, Cloth. Pp. 535, "ath 102 illustra- 
tions, and 221 tables. Price, $23.00. W. B. Saun- 
ders Company, Philadelphia, P à., 1963. 
NEURORADIOLOGY Wonksuor. Volume H: Ixvga- 
CRANIAL Tumors OrHER Tuas Meninciomas. By 
Leo M. Davidoff, M.D., Active Consultant Neuro- 
surgeon, Montefore Hospital; Professor and 
Chairman, Department of Neurosurgery, Albert 
Einstein College of Medicine, Yeshiva University, 
New York; Harold G. Jacobson: M.D., Chief 
Division of Diagnostic. Radiology, Montefiore 
Hospital; Professor of Clinical Radiologv, New 
York University School of Medicine, New York; 
and Harry M. Zimmerman, M.D. “Chick Division 
of Laboratories, Montefiore Posp ba!: Professor of 
Pathology, College of Physicians and Surgeons, 
Columbia University, New York. Cloth. Pp. 402, 
with many illustrations. Price, $22.40. Grune & 
Stratton, Inc., 381 Park Ave., S., New Yrko 16, 





Ni T9603; 
Tue RADIOLOGIC CLINICS or NORTH America; 
Recent CLINICAL Apvances IN RabDIOLOGY, 


Volume I. Philip J. Hodes, M.D., Guest Editor. 
Cloth. Pp. 274, with many illustrations. W. B. 
Saunders Company, Philadelphia, Pa., 1963. 
CHANGING PERSPECTIVES on THE Genetic EFFECTS 
or Raptation. By James V. Neel, Department of 
Human Genetics, University of Michigan Medical 
School, Ann Arbor, Michigan. Cloth. Pp. 97, with 
some figures. Price, $5.00. Charles C Thomas, 
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Publisher, 301-327 East Lawrence Ave., Spring- 
held, Ill, 1963. 

MEDICINE AND THE State. By Matthew J. Lynch, 


M.D., M.R.C.P. Lond., F * C.A.P., and Stanlev 3 
Raphael, M.B., B.S. Lond. Departments of 
Pathology, Sudbury General. Hospital, Sudbury 
Memorial Hospital, Sudbury, Ontario, Canada. 
Cloth. Pp. 450, with so tables. Price, $9.75. 


Charles C Thomas, Publisher, 301-327 East 
Lawrence Ave., Springfield, HL, 1965. 

SELECTED Papers FROM THE ÍNsTITUTE or Cancer 
RESEARCH: ROYAL Cancer HOSPITAL AND FROM 
THE Roya Marspen Hosrrrat, 1961. Published 
by order of the Committee of Management of 
the Institute and the Board of Governors of the 
Royal Marsden Hospital, London. Cloth. Pp. 
1099, with many illustrations. Volume sixteen. 
Institute of Cancer Research, Roval Cancer Hos- 
pital, The Chester Beatty Research Institute, 
Fulham Road, London, S. W. 3, England, 1963. 

Lumbar Discocrarny, By John S. Collis, Jr., M.D. 
Department of Neurological Surgery, The Cleve- 
land Clinic Foundation, Cleveland, Ohio. Cloth. 
Pp. 173, with some illustrations and tables. Price, 
$12.75. Charles C Thomas, Publisher, 301-327 
East Lawrence Ave., Springfield, IIL, 1963. 

THe RADIOCHEMICAL MANUAL: Part Two: Rapio- 
ACTIVE CHEMICALS. Paper. Pp. 77, with many 
tables. Price, 25s. Published by The Radiochem- 
ical Centre, Amersham, Buckinghamshire, Eng. 
land, 1963. 

Birra Derecrs. Edited by Morris Fishbein, M.D. 
Cloth. Pp. 335, with many illustrations. Price, 
$5.00. J. B. Lippincott Company, East Washing- 
ton Square, Philadelphia §, Pa., 1963. 

CONTRIBUTION RADIOLOGIQUE A La LYMPHOGRAPHIE 
Aux LIPOSOLUBLES ร ม CANCEROLOGIE. Mémoire 
pour le Certificat d'Etudes Spéciales d'Electro- 
radiologie, Faculté de Médecine, Université d'Aix, 
Marseille. By Charles Paschetta, M.D., Le Centre 
de Lutte Contre le Cancer de Nice. Paper. Pp. 104, 
with many illustrations. 1962. 
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PunzaNsKI,, W.: Intestinal and cutaneous 
hemangiomatosis: report of a case. ks 
Semar, P., and Gras, F.: The contribution of 
อ to the treatment of common bile 
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Moors, T. C., and Baker, W. H.: Operative 
and radiologic relief of gallstone intestinal 
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ไร ่ ๒ ง ร อ ง , R. C., Dorrer, C. T., and STRAUBE, 
K. R.: Percutaneous transfemoral aortog- 
raphy in gynecology and obstetrics........ 
Hany, G. A. ef al: Lymphangiography in 
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Karras, B. G., Cannon, A. H., and SOKOL, 
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t3 
ined 
S 


V, N.: In vitro analysis of the radioisotope 
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Brown, B. Si J., Dunsar, J. S., and Mac- 
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acute massive adrenal hemorrhage of the 
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Ercuirer, J.: Roentgen observations in the 
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ScugEiBpER, R. R.: Talonavicular synostosis. 

GorrscuaLp, R, G., and Smita, R. T.: Chon- 
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PURZANSKI, W. Intestinal and cutaneous 
hemangiomatosis: report of a case. 4m. 7. 
Digest. Dis., Feb., 1963, 5, 200-205. (Ad- 
dress: Asaf Harote Government Hospital, 
Zerifin, Israel.) 


Benign intestinal hemangiomas are rare, and occa- 
sionally are associated with similar tumors of the 
skin. The case reported by the authors is the twentieth 
recorded in the literature. 

An 18 year old male had been treated sympto- 
matically for the previous 4 vears with an impression 
of iron deficiency anemiaof unknowncause. The phys- 
ical, laboratory, and roentgen findings were alwavs 
within normal limits, including reticulocyte counts, 
except for a low hemoglobin; and initially one ben- 
zidine test of the feces was positive (without previous 
diet). The color of the feces was always normal. Re- 
peated work-ups finally demonstrated occult blood in 
the stool (with the patient on a meat free diet), and 
investigation of gastrointestinal tract blood loss with 
Cr?t-]abelled red blood cells revealed a blood loss of 6 
cc. in a period of 3 successive days (2-3 times nor- 
mal). At this time an upper gastrointestinal series 
showed a round filling defect in the duodenal bulb, 
with polyp or aberrant pancreas suspected initially. 
A subsequent exploratory laparotomy disclosed 
nearly 5o flat, dark-blue, small submucosal tumors, 
1—3 cm. in diameter scattered along the duodenum, 
jejunum, ileum, and ascending colon. The stomach 
and the rest of the colon were free of them. In two 
places, intussusception was caused by two relatively 
large tumors. Removal of a few of the neoplasms was 
accomplished and histologic examination showed 
cavernous hemangiomas. It was noted that at the age 
of 12 years a cavernous hemangioma had been 
removed from the skin of the right anterior chest. 
Interestingly, the site of the removed skin tumor 
had swelled and was painful on palpation shortly 
before the final work-up and exploratory operation. 


In general, vascular tumors account for $—9 per 
cent of benign tumors in the small bowel. These 
hemangiomas are not infrequently multiple, but 
cases with involvement of the entire intestinal tract 
are very rare. Clinically the findings of this disease 
include signs of gastrointestinal bleeding, acute ab- 
dominal inflammation. and intestinal obstruction; 
these signs may appear very suddenly, or may be 
very insidious. The diagnosis is difficult to establish, 
with the roentgen findings in the vast majority of 
cases being noncontributory. The diagnosis may be 
suspected in case of evidence of chronic anemia and a 
finding of hypochromic red blood cells, and a history 
or finding of any kind of gastrointestinal bleeding. 
The intravenous injection of Cr®-labelled red blood 
cells and examination of the radioactivity of the feces 
seem especially indicated in cases in which some of 
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these criteria are absent. In the literature, cases of 
associated cutaneous and intestinal hemangiomato- 
sis have shown a distinct familial tendency of an 
autosomal dominant character. In children cases of 
multiple skin hemangiomas and thrombocytopenia 
have been described; this has not been found in cases 
of intestinal hemangiomas in which platelet counts 
were done.— Donald M. Manson, M.D. 


SEMAT, PAUL, and Gras, Francois. L'apport de 
la radiologie dans le traitement de la lithiase 
du cholédoque par sphinctérotomie avec 
sphinctéroplastie; à propos de quatre ob- 
servations. (The contribution of radiology to 
the treatment of common bile duct lithiasis 
by sphincterotomy with sphincteroplasty; 
report of four cases.) 7. de radiol., d'électrol. 
et de méd. nucléaire, Nov., 1962, 43, 706—510. 
(From: Service de Radiologie du Centre 
médico-chirurgical Foch, Paris, France.) 


Four cases of common bile duct lithiasis, treated by 
sphincterotomy with sphincteroplasty, are reported 
with special emphasis on evaluation of the adequacy 
of this new mode of treatment by the extent of reflux 
of barium through the sphincter of Oddi. Subsequent 
to surgery, the barium reflux is considered a favorable 
sign of successful result indicating patency of the 
sphincter. It is more reliable than the manometric 
estimation of patency (the pressure should not ex- 
ceed 16 mm. of water) as ascertained during surgery. 
In 3 cases the results were satisfactory. In 1 case, 
where the distal end of the common bile duct was 
anastomosed at right angle with the duodenal wall, 
the reflux was very high, even into intrahepatic 
canals with demonstration of air pockets. In this 
case, because of cholangitis, a second intervention, a 
choledoco-jetunostomy on a Y-shaped loop, was per- 
formed with good result. 

The oblique prone position is considered as the 
most suitable for demonstration of reflux of barium 
into the common bile duct, with or without use of 
morphine. The reflux images will also demonstrate 
neoformation of biliary lithiasis, sclerotic narrowing 
of the duct or extrinsic compression defects such as 
due to chronic pancreatitis or neoplasm.—irair N., 
Sarian, M.D. 


Moore, THomas C., and Baker, WILLIAM H. 
Operative and radiologic relief of gallstone 
intestinal obstruction. Surg., Gynec. S Obst., 
Feb., 1963, 776, 189-195. (From: Depart- 
ments of Surgery and Radiology, Indiana 
University Medical Center, Indianapolis, 


Ind.) 


The authors record their experiences with 11 
episodes of gallstone intestinal obstruction in 10 pa- 
tients. Nine of the patients were women, 66 years of 
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age or older, and most were overweight and in poor 
condition. The onset of symptoms tended to be in- 
sidious resulting in delay in diagnosis, 

the small bowel in all but 1 case in which a large 
stone was impacted in the proximal jejunum. Air was 
frequently observed in the biliary tree. Other findings 
included disappearance of a large calcified stone pre- 
viously known to be present in the gallbladder area, 
the demonstration of a gallstone in an area of in- 
testinal obstruction, barium demonstration of a 
cholecystenteric fistula in the presence of intestinal 
obstruction, and demonstration of the stone impacted 
in the intestine by means of barium given through 
the upper part of the gastrointestinal tract or by 
enema flooding the distal segment of the ileum. When 
an episode of gallstone ileus is found to be due to a 
faceted gallstone, the possible existence of another 
gallstone of sufficient size to produce a recurrence of 
gallstone intestinal obstruction must be considered 
and a careful search of the intestine and gallbladder 
area should be made for such a stone. 

The intestinal obstruction was relieved success- 
fully bv operative removal of the impacted. gall. 
stones in 9 initial and 1 recurrent episodes of gall. 
stone ileus, with no immediate deaths. In the final 
case the obstruction was relieved successfully by in- 
tentional barium enema flooding of the distal portion 
of the ileum and dislodgment of the stone under 


Huoroscopic control. The authors feel that additional 
efforts in this direction are indicated.—<Arihur E. 


Childe, M.D. 


GYNECOLOGY AND OBSTETRICS 


Benson, ไจ เบ ท ร พ C., Dorrer, CHARLES T., and 
SrRAUBE, Kurr R. Percutaneous trans- 
femoral aortography in gynecology and 
obstetrics. dm. J. Obst. & Gynec., Mar. 15, 
1963, 85, 772-791. (From: Departments of 
Obstetrics and Gynecology and Radiology, 
University of Oregon Medical School Hos- 
pitals and Clinics, Portland, Ore.) 
Aortography reveals the circulation of the ab- 

dominal and pelvic viscera with striking clarity and 
completeness. No other indirect method of study is so 
revealing of the gross characteristics of the internal 
organs. Once a formidable undertaking, aortography 
is now an everyday procedure in many large hospi- 
tals. The use of percutaneous transfemoral cathe- 
terization and low-toxicity contrast media has in- 
creased the safety, simplicity, and reliability of aor- 
tography to such a degree that its application to 
indicated, 

Success in the management of pelvic malignant 
tumors requires early and accurate diagnosis fol- 
lowed by adequate definitive treatment. Therapy 
may be irradiation, surgical resection, or chemother- 
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apy, alone or in combination. Whatever the method 
of treatment, occasionally a patient mav present 
signs or symptoms of regional spread. Arteriography 
may be used to identify the site and extent of cancer 
extension without the need for exploratory opera- 
tion. Organ or regional. perfusion by cancerocidal 
drugs involves the proper delivery of the medication, 
which can now be accomplished ideally by intra. 
arterial catheters. 

Fluoroscopy is usually employed during manipula- 
tion of the guide and tubing. The tip of the tube is 
located at the upper abdominal aorta for abdominal 
aortography and renal arteriography, or at the aortic 
bifurcation for pe vic arteriography. The guide ts 
then withdrawn and a few milliliters of heparin- 
saline solution is injected through the tubing to pre- 
vent clotting. During the injection and filming 
periods, blood pressure cuffs are generally used as 
tourniquets about both thighs to prevent useless run- 
off of contrast agent into the leg arteries. ไท this 
series, the usual dose of contrast agent was 20 to 24 
cc. of 6o per cent n-methvlglucamine or Ro per cent 
methalamate. This material is injected rapidly and a 
series of roentgenograms of the desired area are 
made. 

Some sharp and very clear diagnostic roentgeno- 
grams are reproduced to illustrate the normal and 
abnormal vascular bed in the renal and pelvic areas. 

The procedure has been used in the diagnosis and 
treatment of 73 women whose varied symptoms were 
of concern to their obstetrician or gynecologist. No 
serious consequences ensued. Many details essential 
to the management of the numerous problems are re- 
vealed.—Enugene T. McDonald, M.D. 


HAHN, GEORGE A., WALLACE, SIDNEY, JACK- 
son, LAIRD, and Dopp, GERALD. Lymph- 
angiography in gynecology. dm. J. Obst. & 
Departments of Obstetrics and Gynecology, 
Radielogy, and Medicine, Jefferson Medical 
College Hospital, Philadelphia, Pa.) 


Intralymphatic injection of radiopaque oil-based 
material can demonstrate the skeletal lymphatics of 
the pelvic area. This procedure has been successfully 
performed in more than $00 patients, bo of whom 
had pelvic disorders. The normal pelvic lymphatic 
anatomy is briefly reviewed. 

Ethiodol is placed in a syringe connected by an 
adaptor co the polyethylene tubing; 10 ml. of the con- 
trast material is then injected slowly using a Holter 
Iymphangiographic pump for steady, constant pres- 
sure. The time for injection is usually about 60 min- 
utes. Thus length of time will avoid undue pressure 
and distention so that rupture of the vessel with ex- 
travasation of the contrast material will not occur. À 
small amount of pressure 18 necessary to overcome 
the viscosity of the medium and the resistance of the 
needle-catheter assembly. 
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Lymphangiograms of representative cases includ- 
ing patients with normal anatomy, carcinoma of the 
cervix, carcinoma of the endometrium, carcinoma of 
the ovary, carcinoma of the vulva, malignant lymph- 
oma, lymphocysts, and lymphatic distortion due to 
benign disease are presented. 

The normal lymph nodes exhibit a discrete outline 
with a homogeneous pattern. Metastatic malignancy 
is characterized by irregularity in the margin of the 
lymph node with a “moth-eaten” appearance of the 
lymph node itself. The lymphoma produces enlarged 
lacy lymph nodes. 

The most frequent interpretative error occurs in 
the inguinal area where the lymph nodes may appear 
abnormal because of fibrosis and fatty replacement 
associated with previous inflammatory disease. 
Great care must be exercised in evaluating inguinal 
lymphadenopathy. The changes must be definite 
and distinct and the lymph nodes should be in the 
direct route of drainage; Le, vulvar lymphatics 
would drain to the inguinal area. 

In the final evaluation of lymphangiographic films 
the initial films should be compared with the 24-hour 
film so that hilar areas may be properly located and 
not misread as pathologic deformities. 

Lymphangiography is a safe, practical method to 
aid the gynecologist in evaluating the kind and ex- 
tent of disease, and the feasibility of surgical, radio- 
therapeutic, of chemotherapeutic management. 
More exact treatment fields may be outlined for 
radiation therapy and the follow-up care of patients 
becomes more effective—-Eugene F. McDonald, 


M.D. 


KELLY, LUTHER W., Jg. Ovarian dwarfism with 
> ว Qi . 
pituitary tumor. 7. Clin. Endocrinol. & 
Metabol., lan. 1963, 23, so-s3. (From: 
$us Ty GOS, 3 2 29 : 
Nalle Clinic, Charlotte, N. C.) 
b ว 


The author discusses the relationship between 
hormonal abnormalities and the production of pitui- 
tary tumors, Hypogonadism preceding the develop- 
ment of clinically evident pituitary tumors has heen 
described, but in this instance the mechanism is not 
clearly established. 

In animals, pituitary tumors can be induced by 
gonadectomy and also by thyroidectomy. In mice, 
pituitary tumors can be produced if gonadectomy is 
done shortly after birth and a delay of 14 months is 
allowed for the tumors to develop. In other animals, 
pituitary tumors have been produced by thyroid- 
ectomy, The mechanism of the production of pitui- 
tary tumors seems to be related directly to the hor- 
monal deficiencies produced by removal of the target 
gland. The suggested mechanism by gonadectomy is 
that the stimulus for increased gonadotrophin activ- 
itv results in tumor formation. 

In humans no conclusive cases of pituitary tumors 
resulting from hypogonadism have been reported; 
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however, suggestive evidence for this phenomenon 
has been described by several investigators. 

The author presents the case history of a 24 vear 
old white female with ovarian dwarfism, who was 
found to have evidence of a pituitary tumor with 
enlargement of the sella turcica. Initial studies 
showed an elevated urinary gonadotrophin excretion 
which was suppressed when the patient was given 
estrogen therapy. These findings suggest to the 
author that the prolonged ovarian deficiency may 
have led to the development of the pituitary tumor in 
this patient. Frank T. Rigos, M.D. 


Lécurier, M. A. Phocomelia and internal de- 
fects due to thalidomide. Brit, M. J., Dec., 
1962, 2, 1447-1448. (Address: Pathologist, 
Royal Hospital, Chesterfield, England.) 


The author presents a brief review of previously 
described outstanding external and internal ana- 
tomic derangements in infants and voung children 
born from mothers who took the drug thalidomide 
during early pregnancy. The derangements include 
gross abnormalities of the extremities and malforma- 
tions of the cerebrum, heart, esophagus, and intes- 
tines. The critical period has been described as being 
between the third and sixth week of the first trimester 
of pregnancy when very active development occurs 
in the embryo, suggesting that thalidomide has a 
fundamental and potent action on some aspect of 
cellular metabolism common to a large variety of 
embryonic celis. 

Presented in the material are findings at necropsy 
of a 5 month old infant with gross external abnormal- 
ities and multiple internal anomalies ascribed to 
thalidomide taken by the mother during the first 
trimester of pregnancy. Unilateral hydronephrosis, 
described only once in phocomelia due to thalidomide 
toxicity, was found on the left side in association with 
hydroureter secondary to marked narrowing of the 
left uretero-vesical Junction which opened very 
obliquely into the bladder neck just above the 
urethra. iiam B. Kingree, M.D. 


Linc, George M., Dorman, C. L., and Bovp, 
Joun R. Drug-induced (thalidomide) mal- 
formations. Canad. M. A. ¥., Dec. 15, 1962, 
87, 1259-1262. (From: Departments of 
Pharmacology, Pathologv, and Obstetrics 
and Gynecology, Faculty of Medicine, Van- 
couver General Hospital, Vancouver, B. C., 
Canada.) 


The authors refer to reports of numerous cases of 
congenital malformations, including phocomelia, 
amela, and alimentary abnormalities, implicating 
the drug thalidomide which was administered during 
the first trimester of pregnancy. They report 2 cases: 
one of phocomelia and one of amelia, phocomcelia, 
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and multiple intrathoracic and intra-abdominal 
anomalies. In both cases there appeared to be a close 
association between the congenital malformations 
and the administration of thalidomide early in preg- 
nancy. Citing Taussig, they report that the crucial 
period for inducing such changes in the human em- 
bryo is between the twenty-eighth and forty-second 
day after the date of conception. 

Reference is made to the teratogenic effect of 
thalidomide in animal experiments and the question 
is raised as to whether or not similar anomalies might 
be caused by administration of other chemically re- 
lated glutarimides currently in clinical use, z.g., glu- 
tethimide (Doriden), amino-glutethimide (Blipten), 
and bemegride (Megemide).— illiam B. Kingree, 
M.D. 


GENITOURINARY SYSTEM 


Karras, Birt G., Cannon, ABRAM H., and 
SokoL, J. KENNETH. Percutaneous left 
brachial renal angiography. 7. Urol, Jan., 


1963, 399, 101-105. (From: Department of 


Diagnostic Radiologv and the Department 
of Urologv, Chicago Wesley Memorial Hos- 
pital and Northwestern University Medical 
School, Chicago, HL.) 


The technique described has been developed from 
the authors! experience with percutaneous brachial 
cerebral angiography. Most patients receive pre- 
medication with nembutal, demerol, and atropine. 

The patient is placed in the supine position on the 
rapid film changer and a preliminary film is exposed 
to check the position and tec hnique. The left ante- 
cubital region is prepared and a No. 17 gauge needle 
is inserted into the left brachial artery. This is a spe- 
cial blunt end, thin walled needle with a fine pointed 
obturator. The obturator is removed and the blunt 
end needle threaded into the lumen of the artery for a 
distance of 2 to 4 cm. Fifty per cent hy paque is then 
injected by means of the Gidlund automatic injector 
at a pressure of 8 kg./sq. cm. A minimum dose of 30 
cc. and a maximum dose of 9o cc. has been used. T he 
films are exposed at the immediate conclusion of the 
injection at a rate of 3 to 4 films per second. 

Following the ecran injection of the contrast 
material into the left brachial artery, the medium fills 
the left axillary and left subclavisn arteries to the 
descending aortic arch from where it travels under 
svstemic blood pressure. The left vertebral, renal, and 
iliac arteries are routinely filled. The pressure in the 
proximal aortic arch prevents filling of the right and 
the left common carotid and right innominate 
arteries. 

In a series of 140 patients, no serious difficulties 
were encountered. Occasionally, the brachial artery 
could not be cannulated; and in 2 patients, the con- 
trast medium was injected outside the lumen of the 
artery. The aortograms and renal angiograms ob- 

tained were of excellent quality. Renal artery occlu- 
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sion, narrowing, post-stenotic dilatation and patho- 
logic renal vessels associated with renal carcinoma 
have all been demonstrated. 

Renal angiography by this method is a safe and 
successful technique. One physician and one techni- 
cian can perform the entire procedure in 30 minutes. 
No special training is needed, and the possibility of 
damage to the vessels by a catheter is eliminated. It 
can safely be performed on patients with diseased ab- 
dominal aorta. 

Seven illustrations of the renal vessels and aorta 
are included in this article.—George W. Chamberlin, 
ALD. 


Herrera, Pepro Mepina. Fnfisema peri- 
vesical, (Perivesical emphysema.) Rev. uro/., 
México, Nov., 1962, 20, 421-430. (From: 
Unidad de Urologia, Pab. 5, Hospital General, 
México, D.F., México.) 


Although cystoscopy and cystography provide 
considerable information on pathologic processes 
affecting the urinary bladder, they give direct clues 
only as to lesions that become "'exteriorized in its 
lumen.” Infiltrating processes involving the bladder 
wall are normally difficult to demonstrate, but they 
can be visualized by injecting air into the perivesical 
space and into the bladder. This perivesical emphy- 
sema gives good contrast in films, and, in addition, as 
the injected gas travels cephalad,often permits visual- 
ization of the kidneys. 

The perivesical injection is technically simple, but 
the perivesical space contains numerous blood ves- 
sels, and care must be taken not to inject gas into 
them.-—£. Comas, M.D. 


ZUM WINKEL, K., SCHUTTERLE, G. and 
ScHEER, K. E. Radio-isotope nephrography. 
German Med. Monthly,N IOV., 1962, 7, 377—382. 
(From: Czerny Hospital [or Radiotherapy 
and the Department of Medicine, University 
of Heidelberg, Heidelberg, Germany.) 





The value of radioisotope nephrography in cases of 
renal vascular disease and upper urinary tract ob- 
struction is well established and is not the subtect of 
discussion in this article. 

The authors have collected 112 radioisotope 
nephrograms out of a total of approximately goo 
tests during an 18 month period which do not belong 
to either of these categories but rather represent 
some sort of parenchymal lesion or abnormal kidney 
function tests. They have tried to correlate the 
clinical diagnosis in these patients with the result of 
the radioisotope nephrography. The most difficult 
part of interpretation of the radioisotope nephro- 
gram (renogram) is that of secretion phase. To evalu- 
ate this segment with a workable standard, the au- 
thors used the so-called secretion coefficient. (SH) 
represented by the formula SW = S/D where $ is the 
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radioactivity of a kidney 5 minutes after commence- 
ment of vascular phase and D is the radioactivity at 
the end of the vascular phase. They felt that a low 
SH’, below 1.25, indicates reduced tubular secretion. 
The interval of 3 minutes was an arbitrary one but 
they reasoned that it was long enough to allow the 
rise of the curve to be assessed and in man very sel. 
dom does the drainage phase start before 3 minutes 
have elapsed. Duration of time between the com- 
mencement of the vascular phase and the peak of the 
curve {Tyax.) was signified as K and the upper limit 
of normal was set at 6 minutes. 

In 84 per cent of 80 cases with clinically verified 
renal lesions, other than renal vascular or upper 
urinary tract obstruction, the renogram was ab- 
normal. These included pyelonephritis with or with- 
out hypertension, chronic glomerulonephritis with 
or without hypertension, and sequelae of acute renal 
failure. In essential hypertension and polvcythemia 
vera the renogram was abnormal in less than one- 
third of the cases. 

In a small series the results of the renogram and 
various other renal function tests were compared. It 
was noted that in unilateral or bilateral pyelone- 
phritis even when the clearance values were normal 
or only slightlv reduced, the renogram was abnormal 
and in essential hypertension, although the clearance 
was impaired, the renogram and phenol-red excretion 
and concentration tests were normal in most of the 
instances. However, the series is too small to draw 
any definite conclusion.—7H7. Y. Y une, M.D., 


SCHWARZ, GERHART $., and GLeason, DONALD 
M. The time of maximum nephrogram effect 
in excretory urography. 7. Urol, Dec., 1962, 
55, 841-843. (From: Squier Urological Clinic 
and the Department of Radiology, Columbia 
University College of Physicians and Sur- 
geons, New York, N. Y.) 


Observations were made on the timing factor of 
nephropacification in 25 patients. The contrast ma- 
terial was injected intravenously and consisted of 30 
cc. of ṣo per cent hypaque. Films were exposed im- 
mediately at the end of injection, 1 minute after in- 
jection in I patient, 2 minutes after injection in 5 pa- 
tients, 3 minutes after injection in 8 patients, 5 min- 
utes after injection in. I2 patients and 1 ๐ minutes 
after injection in 23 patients. All the films were then 
studied side by side by the authors with special re- 
gard to renal parenchymal opacification. The ure- 
teral compression was applied in all instances after 
the initial film had been exposed excepting in chil. 
dren and in young female patients. The speed of in. 
jection consisted of 1 cc. of hypaque followed by a 
waiting period of 4 minutes after which the remain- 
ing 29 cc. was injected within 2 minutes. 

In all 23 patients, the degree and timing of opacifi- 
cation was equal in both kidneys. The greatest 
amount of opacification occurred within the first 
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§ minutes in 21 instances. In 1 of the 2 remaining pa- 
tients, the maximum nephrographic effect occurred 
at io minutes and in 1 patient no nephrogram was 
seen. 

Since the conclusion of the present study, the au- 
thors have performed more than 1,000 excretory uro- 
grams with o minute and 2 minute films included. In- 
jection of the 29 cc. of hypaque in 30 to £o seconds 
yielded denser nephrograms in this series. This gives 
better visualization of morphology and evaluation of 
differential nephropacification as a sign of unilateral 
disease. 

One table is included.—George W. Chamberlin, 
M.D. 


PIRCHER, FELIX J., WEGST, AUDREY V., and 
Dopson, Vernon N. In vitro analysis of 
the radioisotope renogram test. T. Nuclear 
Med., Jan., 1963, 4, 45-53. (From: Clinical 
Radioisotope Unit, University of Michigan 
Hospital, Ann. Arbor, Mich.) 


The authors have analyzed the radioisotope reno- 
gram curve bv an iz vitro method using a model of an 
open two-compartment system. Results showed that 
blood volume, functional volume of the kidney, and 
arterial blood flow to the kidney appeared to be the 
factors responsible for the shape of the renogram 
curve. Renal blood flow seemed to be the most influ- 
ential, 

It has been customary to divide the curves of the 
in vivo renogram into vascular, tubular, and excre- 
tory phases of elimination of the labeled compound 
by the kidney. The in vitro studies presented here 
suggest a different approach to the interpretation of 
the renogram.—-William K. Littman, M.D. 


MUtter, H. Angiographische Darstellung der 
Nebennieren. (Angiographic demonstration 
of the adrenal glands.) Fortschr. a. d. Geb. d. 
Réontgenstrahien u. d. Nuklearmedizin, Dec., 
1962, 97, 711—715. (Address: Ró.-Abtl. der 
Med. Univ.- Klinik, Schittengilmstr. 12, Kiel, 
Germany.) 


For demonstration of the adrenal glands, pneu- 
moretroperitoneum 1s widely used. The method, 
however, is only of limited value, because the in- 
jected gas fails to be evenly distributed at all times 
and presence of adhesions may lead to erroneous con- 


obscured by the vena cava on the right, and by the 
kidney on the left side and their actual size cannot be 
determined, because the silhouette includes capsule 
and surrounding fat tissues. In view of the cited dis- 
advantages, angiography is now employed by the 
author for improved results. 

The blood supply to the adrenal glands is quite 
variable. As a rule the adrenal artery branches off 
the aorta above the renal artery. Additional branches 
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come from the renal and the phrenic arteries. There- 
fore, a large segment of the aorta has to be opacified. 
For optimal information it is important to demon- 
strate the phase of tissue staining. 

The contrast material is injected rather slowly (ap- 
proximately 8 seconds for 20 cc. urografin). Best 
tissue staining is obtained 10 seconds and more after 
the injection is completed. The right adrenal gland 
usually shows up better than the left. Complete 
cleansing with removal of all intestinal gas further 
enhances the results. 

The right adrenal gland was well visualized in two- 
thirds of the small series of the author's cases. The 
left was less frequently seen. The over-all results, 
however, were at least as good as those achieved with 
pneumoretroperitoneum. The chief advantage was 
the opacification of the adrenal glands. These ap- 
peared smaller than with other methods because sur- 
rounding fat and the capsule were not opacified. 

The hazards are no greater than with pneumo- 
retroperitoneum, provided a precision technique ts 
adhered to. A few roentgenographic reproductions 
illustrate the results obtained with the method.— 
Ernest Kraft, M.D. 


Brown, B. Sr. J., Dunpar, J. Sọ and Mac- 


1962, Os 
Children’s Hospital, Montreal, Quebec, Can- 
ada.) 

The authors describe 6 newborn infants with acute 
massive adrenal hemorrhage. Two of the 6 infants sur- 
vived. The outstanding clinical features include: age 
under one week; history of difficult delivery or of in- 
fant resuscitation; a condition suggesting internal 
hemorrhage, shock, acute adrenal insuthciency or an 
upper abdominal mass. 

The roentgenographic features are those caused by 
the presence of an upper abdominal mass. This 
produces forward displacement of the splenic flexure, 
stomach, ileum or possibly obstruction of the de- 
scending colon. Intravenous pyelography demon- 
strates displacement of the kidney adjacent to the 
mass, deformity and compression of the supertor pole 
of the kidney and eventual calcification within the 
hemorrhagic mass or the damaged adrenal gland. 

The authors describe adrenal hemorrhage at some 
degree in 2.7 per cent in children of all ages. In the 
present series, massive hemorrhage constitutes an 
incidence of 9.58 per cent in complete autopsies on 
newborn. All patients had a history suggesting 
severe birth trauma and/or resuscitation =~ fames P. 
Martin, MD. 


BuscH, FREDERICK M., and SAYEGH, EMILE 5. 
Roentgenographic visualization of human 
testicular lymphatics: a preliminary report. 
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Department of Urology, U. S. Naval He 
pital, Philadelphia, Pa.) 


Jf. Urol, Jan., 1963, 89, 106-110. (Fro: 


The authors have made a study of the lymphat 
which dræn the testicle in a series of 15 patients w 
were undergoing various operations on the testicle 
in the ingwinal region. Under anesthesia, the inject 
iml. Evans blue dye into the testis directly throu 
the skin over the scrotum. The spermatic cord w 
then exposed by an inguinal incision and 4 to 6 lym 
vessels were clearly identified by the blue dye. T 
largest lymphatic trunk was cannulated with a ` 
27 or 30 gauge needle held in place with a sin 
suture and $ cc. of ethiodol injected slowly at 1 
rate of 1 ml. every 16 minutes. Since these lv mpl 
tics are very fragile, excessive compression or ra] 
injection will cause extravasation. At the completi 
of the injection, the needle was removed, and 1 
lymph vessels ligated at that site. Roentgenogra 
were made immediately and 24 hours later. ` 
complications followed the procedure. In one 
stance where a testis tumor was present, the cc 
was clamped at the level of the internal ring bef 
the Evans blue dye was injected into the testis unc 
direct vision. 

The resuits demonstrated remarkable uniform 
of the testicular lymphatic vessels as they cou 
upwards om both sides towards their depend 
lymph nodes. Between the level of L2 and L4, tl 
usually divide into about 8 vessels and then t 
sharply medially to empty into their respect 
nodes. These nodes extend from Tit to L4. On 
right side, the lymph vessels drain directly into 
lymph nodes of the contralateral side. On the | 
side, direct lymph vessel drainage to the cont 
lateral side was not observed, but subsequent roe 
genograms showed dye in the lymph nodes of 
right side. Lymph nodes in the pelvis or along 
iliac vessels were never visualized even after a de 
of 48 hours. A further refinement of the procedure 
been the addition of chlorophyll to the radropac 
dve in those instances where retroperitoneal lym 
adenectomy is anticipated. This leaves a brill 
green color which is retained in the lymph noc 
The possibiaty of using this route as a che! 
therapeutic attack on malignant disease should 
considered, Furthermore, once the lymph no 
have been injected with ethiodol, they remain rac 
paque for months and can be used for subsequ 
evaluation amd prognosis 1 ก certain patients. 

This articie includes 5 illustrations showing 
distribution ef the Ivmphaties from the testicle: 
George IY, Chamberlin, M.D, 


NERVOUS SYSTEM 
GavaALA, S., and Nicoró, A. Singolare repe 
di corpi estranei endorachidet, (Case rep 
of intraspinal foreign bodies.) Jzn. raa 
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Radiologia Medica e Terapia Fisica, Ospe- 
dale Civile Maggiore, Istituti Ospitalieri. di 
Verona, Verona, Italy.) 


The authors report a case of foreign bodies in the 
spinal canal under unusual circumstances. To their 
knowledge this has never been reported before in the 
literature. 

A young woman, 22 years of age, complained of 
backache with pain radiating down into both legs. 
Roentgenographic studies of the lumbar areas re- 
vealed surgical clips located on either side between 
the bodies of L4 and Ls at the level of the nerve 
roots. Movement of lower extremities and even 
movement of the head would increase the severity 
of the backache. 

Previous history showed that this patient had 
undergone a craniotomy for a malignant posterior 
fossa tumor 20 months before. Surgery was followed 
by intensive radiation therapy and her recovery was 
satisfactory. 

Apparently the metallic clips had dislodged, 
travelled down the spinal canal and became em- 
bedded within the nerve sheaths of the sacral nerve 
roots.—Peter E. Russo, M.D. 


MALAGON Casrgo, VALENTIN. (Bogotá, Co- 
lombia.) Luxación paralitica de la cadera en 
el mielomeningocele. (Paralytic luxation of 
the hip in myelomeningocele.) Rer. ortop. y 
traumatol., Mar., 1962, 7, ฐา ห, 


This is a report on 32 children with myelomeningo- 
cele who developed a luxation of the hip joint. This 
is brought about mostly because of the pull of the 
muscles responsible for flexion, adduction, and ex- 
ternal rotation of the thigh, although deformities of 
the pelvis and the femoral head also play a part. The 
luxation was reduced in all cases without an open 
operation, but section and transplantation of muscle 
groups was carried out in some of the patients to try 
to stabilize the hip Joint. The hip continued reduced 
as long as the patient remained in a cast, but as he 
was taken out of it, the luxation recurred in 76 per 
cent of the patients. Because these patients have a 
long list of disabling symptoms (paraplegia, incon- 
tinence, decubitus ulcers), the handling of the hip 
luxation should be considered only as a small part in 
the treatment of these unfortunate children.— 
EF. Comas, M.D. 


WacHrLER, Franz. Über Schädigungen im 
zervikalen Abschnitt des Rückenmarkes 
nach therapeutischen. Róntgenbestrahlungen 
in der Halsregion. (Damage to the cervical 
spinal cord from therapeutic irradiation in 
the neck region.) Strahlentherapie, Sept., 
1962, 779, 97-103. (From: Zentral. Rónt- 
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geninstitut der Universitat Wien, Vienna, 
Austria.) 


l'rom a review of the pertinent literature and the 
observation of 3 of his own patients, the author es- 
timates that serious and permanent neurologic 
damage will occur in 1 to $ per cent of patients whose 
cervical spinal cords receive 5,500-6,000 rin 5 to 6 
weeks.—- Henry G. Mochring, M.D. 


Barrerr, A. F., and Tovg, D. K. M. Sym- 
pathicoblastoma: radiological findings in 
forty-three cases. Clin. Radiol, Jan., 1963, 
74, 33742. (From: X-Ray Department, The 
Children's Hospital, Birmingham, England.) 
Sympathicoblastoma is the most common malig 

nant tumor of infancy and childhood. It is a malign- 

ant process arising from the precursors of the sym- 
pathetic nervous system. This study by the authors 
is based on the examination of 43 cases of abdominal 
and thoracic sympathicoblastoma, 32 of which were 
histologically proved, while the remainder showed 
indisputable diagnostic roentgenologic features. 

Now that the value of vitamin By and radiotherapy 

is established, biopsy is more frequently undertaken 

to contirm the diagnosis histologically, 

The average age of onset was 2 years and 8 months, 
although in 2 cases the tumor was present at birth. 
The majority complained of the toxic effects of the 
malignant process ("off color," "irritable," “mis- 
erable”); a smaller number of abdominal swelling; 
and a few of the effects of a secondary deposit in the 
orbit, bone, skin or elsewhere. It is well authen- 
ticated that this highly malignant tumor may be- 
come benign or disappear spontaneously or during a 
course of vitamin Bi; therapy, or after surgical 
biopsy. 

The roentgenologic features of sympathicoblas- 
toma present a diagnostic triad—an abdominal or 
thoracic primary tumor, peripheral bone lesions, 
and skull changes. The commonest problem in the 
case of an abdominal tumor is differentiation from a 
Wilms’ tumor. In Wilms’ tumor calcification is less 
frequent, only one-third of cases showing this as op- 
posed to about two-thirds of sympathicoblastoma. 
Pyelograms show intrinsic pelvicalyceal deformity 
in both cases—constantly in Wilms’ tumor and in 
about one-third of cases of sympathicoblastoma. 
Hematogenous metastases in Wilms’ tumor are ar- 
rested in the lungs, but in sympathicoblastoma they 
pass through the pulmonary capillaries to lodge par- 
ticularly in the bones, Direct spread is rare in 
Wilms’ tumor, but direct and lymphatic spread is 
common in sympathicoblastoma, in which lesion it 
causes a paravertebral mass in about half the cases. 
Among other abdominal lesions, a hepatoma lies 
more anteriorly, while posteriorly situated masses 
such as hydronephrosis and cystic kidneys may be 
excluded by pyelography. Bone lesions in sym- 


- 
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pathicoblastoma are usually multiple and sym- 
metric, and the main differential diagnosis is from 
leukemia. In the latter, the bone changes are usually 
much less evident, the skull is less frequently in- 
volved and the sutures do not widen. 

The roentgenologic appearances of the intra- 
abdominal mass, of the bone metastases and of pri- 
mary svmpathicoblastoma in the chest are described. 
Samuel G. Henderson, M.D. 


SKELETAL SYSTEM 


EICHLER, J. Róntgenologische Beobachtungen 
zur Diagnose und Differentialdiagnose der 
Osteofibrosis deformans juvenilis. (Roentgen 
observations in the diagnosis and differential 
diagnosis of osteofibrosis  deformans ju- 
venilis.) Fortschr. a. d. Geb. d. Róntgenstrahen 
u. d. Nuklearmedizin, Feb., 1963, 98, I4I— 
148. (From: Orthopädische Klinik, König- 
Ludwig-Haus, Würzbu rg, Germany.) 


The diagnosis of osteofibrosis deformans juvenilis 
(or fibrous dvsplasia of Jatfe-Lich tenstein-Uehlinger) 
has been infrequently seen because: (1) many 
authors have placed atypical forms of bone diseases 
in such categories as juvenile Paget's disease, 
Recklinghausen’s osteitis fibrosa 


te 


The disease usually has its onset in the group be. 
tween 5 and 16 years of age. It is manifested by 
painful extremities, which become slowly and pro- 
gressively deformed with or without spontaneous 
fractures. In 6 patients, sarcomatous degeneration 
has been described; in 3 others, fibromyxomas. In 
females, polyostotic involvement is associated with 
precocious puberty and hyperpigmentation of the 
skin. Pathologically, the bone marrow is replaced 
by a spindle-celled, fibrous connective tissue, which 
produces widening of the medullary cavity, ab. 
normal curvatures, and occasionally elongation and 
thinning of the spongiosa of the long bones, but 
never an interruption of the compact layer of bone. 
During the growth period, the epiphyses are intact, 
but after epiphyseal "closure" fine processes pene- 
trate the spongy portion of the epiphyses, simulat- 
ing Paget's disease. The blood chemistrv is essen- 
tially normal, although occasionally an elevated 
alkaline phosphatase is found as well as a slight de- 
crease in the serum calcium and phosphorus. 

The patient, who is the subject of this report, is a 
ag year old man, whose symptoms first appeared at 
the age of 22. The phalanges, metatarsals, and 
tarsal bones were involved. The alkaline phos- 
phatase was persistently elevated. In addition to 
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these unusual! findings, he had the characteri 
changes of widening, bowing and elongation of 
long bones, unilaterally; spotty sclerotic change: 
the petrous portion of the temporal bone and 
wings of the sphenoid; the internal table of the s 
was intact, but the external table was elevated ; 
thinned; the right side of the pelvis presented ext 
sive cystic changes; the distal femoral epiphysis c 
tained numerous fine strands and the trabeculati 
were widened as in Paget's disease; the major p 
tion of the tibia presented a spotty, porous 
pearance with occasional, irregular zones of 
creased density. The sacrum was not invoh 
despite marked deformity and considerable chan, 
in the right iliac bone. 

The differential diagnosis includes: (1) Page 
disease, which occurs in the 45—70 year group anc 
characterized by bony prominences of the sla 
lamellation of the cortex of long bones, frequent 
volvement of the sacrum, and a haphazard 
checkerboard involvement of the skeleton. In t 
type of fibrous dysplasia, the involvement is alo 
one axis or radiates from one central focus. : 
Recklinghausen's disease which is characterized 
the laboratory findings of hypercalcemia, hypoph 
phatemia and an elevated serum alkaline ph 
phatase; nephrocalcinosis is frequent; it commor 
occurs at 30-40 years of age; generalized osseo 
involvement with osteoporosis is the typical roentg 
picture. (3) Xanthomatosis which often requires 
bone biopsy for differentiation within its group 
from fibrous dysplasia. (4) Osteogenesis imperfec 
which may be mild enough to resemhle osteofibro: 
deformans juvenilis but the clinical features 
blue sclera, deafness, flaccid muscles and joints, ai 
the hereditary characteristics are diagnostic of t 
former as well as the abundant callus formation a 
the thinning of the long bones.—7. Zausner, M.D, 


KaRckK, G. Auffallende Skelettveránderunge 
bei Syringomyelie. (Remarkable skelet 
changes in syringomyelia.) Fortschr. a.. 
Geb. d. Rontgenstrahlen u. d. Nuklearmedisi. 
Jan., 1693, 98, 27-36. (Address: Hagene 
Allee 76, 2070 Ahrensbu rg/Holst., Germany 


Roentgen findings in syringomyelia consist ¢ 
neuropathic Joint lesions of upper extremities. Ass 
ciated kyphoscoliosis of the thoracic spine also oi 
curs. Its frequency varies from 88 per cent to 2 
per cent, but its significance still remains indete 
minate. When it is primary, simultaneous abno: 
malities like spina bifida, hemivertebrae and oth« 
lesions are found; when secondary, weakness of th 
vertebral erector muscles is believed to be the cause 

The author reports 4 cases of syringomyelia, i 
all of which kyphoscoliosis was present. Of addition: 
interest in this series were multiple bone and join 
lesions in various parts of the skeleton. 

In the first case there was osteochondrosis an 
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osteoarthritis of the cervical and upper thoracic 
spine in addition to the kyphoscoliosis, osteoar- 
thritis of both acromioclavicular joints with step 
formations due to club-shaped enlargement of the 
clavicles laterally, small cystic changes in various 
bones of the hands and a sclerotic patch in the left 
first metatarsal bone, 

The second case had scoliosis of the midthoracic 
spine, osteoarthritis of the right acromioclavicular 
joint, cortical thickening of the proximal two 
phalanges of the left index finger and a sclerotic 
patch in the proximal phalanx of the right great 
toe, 

In the third case there was osteochondrosis and 
osteoporosis in addition to kvphoscoliosis of the 
thoracic spine, old traumatic change of the right 
acromioclavicular joint, small exostosis at the 
terminal phalanx of the left index finger, flaring de- 
formity of the left radial head with a small cyst, 
additional small cysts in the bones of the hands and 
a sclerotic band in the left first metatarsal shaft. 

The fourth case had advanced  neuropathic 
arthropathy of the right shoulder and elbow joint, 
scoliosis of the thoracic spine, gross deformity of the 
distal finger Joints with marked flaring, marginal 
sclerosis and subluxations, less advanced changes in 
the proximai interphalangeal joints, a sclerotic 
patch in the proximal phalanx of the left ring finger, 
old healed fracture deformitv of the left first meta- 
carpal base with malunion and so-called ossifving 
periostitis of both fibular shafts. 

In none of the cases were the patients aware of a 
previous trauma, although the fracture deformities 
with malunion were quite severe. 

In the discussion. the question is raised as to 
whether the various skeletal lesions are due to a 
status dysraphicus (incomplete closure of the pri- 
mary neural tube) with gliosis or rather secondarily 
to the syringomyelia. The old fracture deformities 
and other traumatic changes can undoubtedly be as- 
cribed to the syringomyelia, while sclerotic patches, 
dense islands of bone and the hyperostotic flow 
of extremity bones could be secondary to a dysra- 
phia, which according to autopsy studies is a fre- 
quently associated condition.—-Ernest Kraft, M.D. 


Popraua, M., and Krarocuvit, L. Familiáre 
Metaphysendysplasie---Morbus Pyle. (Fa. 
milal metaphyseal dysplasia~-Pyle’s dis- 
ease.) Fortschr. a. d. Geb. d. Rüntgenstrahlen 
u. d. Nuklearmedizin, Feb., 1963, 98, 158-162. 
(Address: Dr. M. Podlaha, Bezirkskranken- 
haus, Pisek, Czechoslovakia.) 

Two cases of familial metaphyseal dysplasia, 
Pyle's disease, are added to the 12 cases described 
in the world literature since 1931. The clinical fea- 
tures include tallness of the individual with painless 
widening of the metaphyseal ends of the long bones; 
restriction in extension of the elbow joints; enlarge- 
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ment of the skull, a broad, flat nose and hyper- 
telorism; facial paralysis and deafness. The blood 
chemistry is normal, The typical roentgen findings 
include widened metaphyses of the long bones and 
thinning of the cortex, marked curvature of the 
femur and tibia, flaring of the sternal end of the 
clavicle, widening of the diploé in the vault of the 
skull, generalized enlargement of the skull, and 
focal areas of bony condensation in the skull asso- 
cated with hypoplastic or absent paranasal sinuses 
and mastoid cells. 

Some of the features of Pyle’s disease may be 
found in a variety of other conditions, but this 
entity should be easily distinguished from anv of the 
following: (1) hyperplasia of bone marrow, as in 
erythroblastic anemia, chronic hemolytic icterus, 
sickle cell anemia; (2) diseases which infiltrate the 
bone marrow, as Gaucher’s disease; (3) avitaminosis, 
as scurvy or rickets; (4) developmental diseases, 
such as osteopetrosis, gargoylism; and (4) lead 
poisoning occurring during the growth period. 

Because the two cases reported here concerned a 
father and a son, the authors suggest a change in the 
name to hereditary metaphyseal dysplasia.— 7. 
Zausner, M.D. 


SIFFERT, Roperr S. Displacement of the distal 
humeral epiphysis in the newborn infant. 7. 
Bone & Joint Surg., Jan., 1963, 454, 164-169. 
(From: Department of Orthopaedic Surgery, 
The Mount Sinai Hospital, New York, N. Y.) 


Fracture of the supracondylar section of the 
humerus is a relatively common injury in children. 
Separation of the distal humeral epiphysis, however, 
is rare. The key to the diagnosis—the relationship 
of the ossific center of the capitellum to the ulna 
and radius-~is of no value in the newborn infant 
since the distal humeral ossific centers are not 
present at birth. The initial diagnosis depends en- 
tirely on clinical findings. 

The 3 infants reported in this paper were seen 
shortly after birth, when the pediatrician requested 
orthopedic consultation because of deformity, 
crepitus, and swelling of the elbow following dif- 
ficult delivery. 

The physical findings in each infant were identical. 
There was mild swelling about the elbow with no 
impairment of the reflex grasp. Motion of the elbow 
and manipulation of the forearm against the hu- 
merus produced crepitus. Displacement of the distal 
humeral epiphysis was differentiated from disloca- 
tion of the elbow by noting that the medial epicon- 
dvle, lateral epicondyle, and tip of the olecranon 
process maintained a constant relationship to one 
another as the forearm was manipulated backward 
and forward. 

Roentgen examination revealed no evidence of 
fracture and the findings in each case were identical. 
Lateral roentgenograms of the elbow showed pos- 


terior displacement of the upper part of the ulna and 
radius relative to the long axis of the humerus. The 
anteroposterior roentgenogram demonstrated that 
the distance between the ossific section of the distal 
end of the humerus and the forearm bones was fore- 
shortened compared with the normal side. The nor- 
mal relationship was restored by gentle traction and 
forward manipulation of the olecranon. The reduc- 
tion appeared stable in flexion both clinically and 
roentgenographically, and it was maintained in this 
position for 3 weeks in a posterior splint for Case 1 
and by adhesive tape for Cases 2 and 3. 

In each case a bone callus appeared at the distal 
end of the humerus after 2 weeks. At that time 
there was clinical stabilitv of the elbow, but im- 
mobilization was continued for an additional week. 
Compared with the normal side, almost full range of 
motion was evident at 4 weeks of age. Although this 
injury is simple to recognize, reduce, and immobilize 
with apparent stability, it is not altogether in- 
nocuous. À 2 vear follow-up of one child revealed 
residual limitation of flexion and cubitus varus, and 
in a second child there was persistent slight limita- 
tion of flexion and angulation of the distal end of 
the humerus at the end of 9 months. Peter. C. 
Truog, M.D. 


SCHREIBER, Richard R. Talonavicular synos- 


The Orthopaedic Hospital and the University 
of Southern California School of Medicine, 
Los Angeles, Calif.) 


Talonavicular synostosis is an uncommon devel- 
opmental anomaly of the foot, but it is probably not 
so uncommon as the literature would suggest. The 
author reports & cases of talonavicular synostosis. 
Three of the patients had the abnormality bilaterally 
and 2 had it unilaterally. In these patients the 
talonavicular synostosis was the principal abnormal. 
ity in the foot. Cases of grossly abnormal feet, such 
as massive fusion of the tarsal bones, have not been 
included. Presumably, congenital talonavicular 
synostosis represents one area of the spectrum of 
tarsal fusion which extends from minor, limited 
tarsal fusion to massive, almost total fusion. Two 
patients in this report had the so-called ball-and- 
socket joint on the affected side, one on the unfused 
side. 

The author concludes that the condition itself is 
usually not of great clinical significance, but some of 
the patients do have a ball-and-socket ankle joint 
which is of clinical significance. All of the familial 
cases in the literature have been bilateral, but many 
bilateral cases have not been shown to be famihial.— 
Peter C. Truog, M.D. 
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(อ เร อ ต บ ง, RAYMOND G., and SMITH, ROBERT 
T. Chondrosarcoma of the hand: report of a 
case with radioactive sulphur studies and re- 
view of literature. 7. Bone © Joint Surg. 
Jan., 1963, 454, 141-150. (From: Depart- 

ment of Pathology, The George Washington 

University School of Medicine, Washington, 

D. C, and the Veterans Administration 

Center, Martinsburg, W. Va.) 


The authors report a case of chondrosarcoma of 
the first phalanx of the thumb to show chat the tracer 
studies made with radioactive sulphur provide 
another means of distinguishing chondrosarcoma 
from the more common enchondroma of the fingers. 
The low incidence of malignant cartilaginous tumors 
in the hand is in sharp contrast to the incidence of 
these tumers in the entire skeleton. The percentage is 
2.8 per cent in the hand and 11.8 per cent for 
chondrosarcomata and §.3 per cent for chondromata 
in the entire skeleton. 

The authors summarize and review 17 cases of 
chondrosarcoma of the hand found เท the literature. 
In this review they include the age, sex, location, 
symptoms, treatment, pathology, follow-up and 
comments. 

Their case reported in the present article is that of 
a white man, 48 years of age, who had had a previous 
cancer of the larynx which was treated with irradia- 
tion and radical surgery. The patient complained of 
a swelling in the proximal phalanx of the thumb. 
Examination revealed a fusiform swelling, 2X3 cm; 
the skin over the lesion was movable. There was ten- 
derness to palpation and flexion of the metacarpo- 
phalangeal joint. The roentgenographic diagnosis 
was between malignant tumor and acute inflam- 
matory process. A small biopsy specimen was sug- 
gestive of chondrosarcoma but not conclusive. It 
was decided to obtain a more abundant biopsy and 
if this were positive to amputate at once. Three days 
prior to the second biopsy 2.8 mc of S? sodium sul- 
phate was administered intravenously for tracer 
studies. A wedge of bone, 1.2 cm. long and 0.3 cm. 
wide with some periosteal tissue was obtained on 
April 20, The diagnosis of chondrosarcoma was es- 
tablished in this laboratory and confirmed at the 
Armed Forees Institute of Pathology. Fifteen days 
later the thumb was amputated at the metacarpo- 
carpal joint. 

'The concentration and distribution of the radio- 
active sulphur in the tumor and in other tissues of 
the digit were determined. Such isotope studies are 
of value in distinguishing benign from malignant 
cartilaginous tumors, A detailed chart covering the 
concentration of radioactive sulphur per gram of 
tissue is given. The average isotope concentration in 
the tumor exceeds that in cartilage.— Peter. C. 
Truog, M.D. 
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RADIOGRAPHY OF INFANTS 
AND CHILDREN 


By Donald B. Darling, M.D. 
Tufts University School of Medicine 
Boston, Massachusetts 


With the Technical Assistance of 
James M. Anthony, R. T. 
Children’s Hospital of Pittsburgh 
Pittsburgh, Pennsylvania 


Doctor Darling's book should be welcomed by all those 
concerned with the problems of satisfactory radiologi- 
cal examinations of younger patients. He discusses here 
and portrays in detail MAJOR TECHNICAL PRO. 
CEDURES commonly used. The text is divided into 
two major divisions. The first describes and illustrates 
the equipment employed in radiography and fluor- 
oscopy and presents methods of eliminating radiation 
exposure to personnel and minimizing that to the 
patient. The second section covers each examination 
in detail with one chapter devoted to infants and an- 
other to children. Dec. 62, 212 pp., 456 il. ( Amer. Lec. 
Roentgen Diagnosis edited by Lewis E, Etter, Western 
Psychiatric Institute and Falk Clinic), $16.50 


TECHNOLOGICAL NEEDS FOR 
REDUCTION OF PATIENT DOSAGE 
FROM DIAGNOSTIC RADIOLOGY 


Edited by Murray L. Janower, M.D. 
Massachusetts General Hospital 
Boston, Massachusetts 


For years there has been continuing discussion of the 
medical use of x-rays . . . the size of this dose .. . 
and methods by which it can be reduced. Yet this 
volume is the first to cover in one source the manifold 
aspects of the problem. Presented here are proceedings 
of a two-day symposium held in Washington, D.C., un- 
der the auspices of the Division of Radiological 
Health, United States Publie Health Service, T wenty- 
four experts in the field contributed their vast knowl- 
edge and years of experience to bring factual informa- 
tion to the scientific community, to summarize the 
ae 5» * = 1 s 

state of the art" as it exists today, and especially to 
point out "new frontiers" and new horizons of research 
where dose reduction is likely to be found. Dec. '62, 
360 pp., 154 il., $6.75 





€ MODERN RADIOLOGY IN 


HISTORICAL PERSPECTIVE 
by Stephen B. Dewing, New 
York Univ., New York City, Aug. 
'62, 200 pp. $5.75 


MEDICAL RADIOGRAPHIC 
TECHNIC (2nd Ed., Rev. 2nd 
Ptg.) Prepared by The Techni- 
cal Service Dept., General Elec- 
tric X-Ray Corp. Under the orig- 
inal editorial supervision of the 
late Glenn W. Files. Revision by 
William L. Bloom, Jr., John L. 
Hollenbach, James A. Morgan. 
and John B. Thomas. June ‘62, 
398 pp.. 493 iL, $11.00 


RADIATION THERAPY IN 
THE MANAGEMENT OF CAN- 
CERS OF THE ORAL CAVITY 
AND OROPHARYNYX by Gil- 
bert H. Fletcher and William 
S. MacComb. Physics Section by 
Robert J. Shalek and Marilyn 
Stovall. All of Univ. of Texas 
M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. 
Jan. '62, 408 pp., 346 il. (Amer. 
Lec. Radiation Therapy), $16.50 


RADIOGRAPHIC ATLAS OF 
SKELETAL DEVELOPMENT 
OF THE FOOT AND ANKLE: 
A Standard of Reference by 
Normand L. Hoerr, S. Idell 
Pyle and Carl € Francis, all of 
Western Reserve Univ., Cleveland, 
Ohio. Jan. '62, 176 pp. (814 x 
11), 276 il., $9.50 


© IONIZING RADIATION: An 


Old Hazard in a New Era by 
George Tievsky, George Wash- 
ington Univ., Washington, D.C. 
March '62, 176 pp., 65 il, $8.00 


€ INTRAVENOUS CHOLANGI- 


OGRAPHY: A Concept of In- 
terpretation by Robert E. 
Wise, The Lahey Clinic, Boston, 
Mass. july '62, 160 pp. (8% x 
1D), 121 il. (Amer. Lec. Roent- 
gen Diagnosis), $9.50 
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BRITISH JOURNAL OF RADIOLOGY 


SUPPLEMENT No. 9 


THE SPECTRA OF X RAYS SCATTERED 
IN LOW ATOMIC NUMBER MATERIALS 
By W. R. Bruce, M.D., Ph.D., and H, E. Jonxs, Ph.D., F.R.S.C. 





The complicated effects of multiple scattering have always presented a major difficulty 
to analysts of X-ray beams traversing matter, In this Supplement the authors describe 
how the Monte Carlo method of computation may be used to allow for multiple scatter- 
ing when studying the penetration of X-ray beams. A full discussion of their combina- 
tion of analytical and Monte Carlo methods is presented and much information on the 
spectra of X-ray beams in the photon energy range from 50 to 1250 ke V is provided in 
the form of graphs and tables, with the main emphasis on data for beams traversing 
water. This Supplement will interest all those concerned with the use of X rays in 
radiotherapy and in radiobiological studies. 


Price: 12s. 6d. $2.00 (One copy is allowed to each member at 7/6d—U.S.A. $1.50) 


SUPPLEMENT No. 10 


DEPTH DOSE TABLES FOR USE 
IN RADIOTHERAPY 


(containing 77 tables, three full-page and two halt-page graphs) 


The value of central axis depth dose and related data in radiotherapy was evident from 
the heavy demand made for Supplement No. 5 (1953), "Central Axis Depth Dose Data’. 
When stocks of the latter were exhausted three years ago, it was decided to revise the 
original data in the light of more recent experimental work, and to extend the coverage 
to the higher energies now coming into general use. This task was undertaken by the 
Scientific Subcommittee of the Hospital Physicists’ Association. 

The new edition contains nine main sections covering electromagnetic radiations 
ranging from Grenz rays (H.V T. 0.01 mm of Al) up to 31 MV betatron X-rays, and in- 
cluding electron beams (2 to 30 MeV). Every effort has been made to ensure that tables 
are adequately explained as to origin, possible sources of error and limitations of ap- 
plicability. W here significant differences from the earlier data occur, they are discussed 
by the individual reviewers of the sections concerned. 

This Supplement provides the most comprehensive selection of central axis data in 
existence, and has been compiled by acknowledged experts in the field. 


Price: 45s. $7.50 (One copy is allowed to each member at 39/6d—U.S.A. $6.50 
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_ Experience 
the Superior 
Radiological 
Results 
Achieved with 
a this Team: 


CLYSODRAST® 


A NEW 
EFFECTIVE 
MEANS OF 
CLEANSING 
THE COLON 


BAROTRAST® 
SPECIALLY 
PROCESSED 
MICRONIZED 
BARIUM 
SULFATE 








CLYSODRAST: When used as an enema, Clyso- 


drast is an effective means of cleansing and preparing the 
colon for radiologic examination, & The effective agent 
in Clysodrast is a nonirritant which stimulates the muscu- 
lature to contract, The tannic acid has a favorable influ- 
ence on the deposition of Barotrast on the mucosa and aids 
in preparation of the colon, & Clysodrast is available in the 
United States exclusively through Barnes-Hind, & Each 
Clysodrast pack contains 1,5 mg, of 4,4’ (diacetoxy- 
diphenyl) - Cpyridyl-2) - methane, complexed with 2.5 gm. 
of Tannic Acid N.F., in a readily soluble form. 


[NOU NIS I À specially processed and micro- 


nized form of barium sulfate, Barotrast possesses unparal- 
leled properties of flow, coating, and water retention which 
are not normally affected by mucin content, enzymes, or 
changes in pH encountered in routine use, & Its unique 
adherence to the intestinal mucosa produces a uniform, 


€» 


stable and flexible coating, € When administered orally, 
it flows through the bowel as a column without clumping, 


es 


precipitating, or forming concretions, $8$ Barotrast is known 
for its routine ability to provide exceptional radiological re- 
sults in double contrast, upper Gl, and small bowel studies. 


Samples and literature available from: 


BARNES-HIND BARIUM PRODUCTS, INC. 


Division of Barnes-Hind Pharmaceuticals, Inc. 
895 Kifer Road, Sunnyvale, California 


Note: Consult Barnes-Hind's literature regarding directions 
for use of Barotrast. Clysodrast should be employed with 
caution when colitis is known to exist, although its use 

in colitis without adverse reactions has been reported. 
Incidence of cramping, weakness, nausea, and fainting is 
greater with Clysodrast than with less effective enemas. 
Warning: Clysodrast preparations should be used 

with great care in patients where old age, debility, 
cardiovascular or other diseases are present. 
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HALSEY TITAN - most rugged of all cassettes... designed 


to stand up under abuse that would destroy contact and align- 
ment in ordinary cassettes 


HALSEY WAFER -thethin, lightweight cassette... only the 
Titan is more rugged — yet the Wafer is almost 30% thinner, 
20% lighter than conventional models 


HALSEY RIGIDFORM - sets the standard for conventional 
cassettes... ideal foraverage use 


All Halsey Cassettes are quality controlled — 
look for the “Approved” label 


Color-coded phototimi d grid : 
au b I NEW — HALSEY PLESIOSETTE: 


ture on the complete line A new cassette for plesiosectional tomography. 
One exposure produces four films at approxi- 


mately 1 mm level differences, through use of 
four pairs of matched screens with different 
speeds. Available in 8x10” and 10x12" sizes. 


Through your dealer 





HALSEY X-RAY PRODUCTS, INC. 
1425-37th Street, Brooklyn 18, N. Y. 
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... You still wouldn't 
see all these hidden values 


Today's General Electric X-Ray transformers have improve- 
ments, right down to basic materials. While appearance 
design is evident to all, sophisticated engineering design calls 
for knowledgeable insight. 

Starting with the core itself, consistent radiographic per- 
formance is tailored-in. Alloys, treated to elongate and align 
their crystalline structure, achieve magnetic flux densities 
unheard of a few years ago—assure you far greater efficiency. 
Other improvements reduce impedance to assure output reli- 
ability. Thoriated tungsten kenotrons, with their inherent 
“low-drop” voltage characteristics, also contribute to stability. 

Although you couldn't see these hidden values even if x-ray 
transformers had transparent covers, the General Electric 
name plate is solid evidence they are there ready to provide 
consistent radiography. 


Progress /s Our Most Important Product 


GENERAL GD ELECTRIC 











Give your films “look-alike” consistency 


with General Electric x-ray phototiming! 


In designing diagnostic x-ray generating units, 
how did General Electric x-ray engineers make 
sure you could overcome that final elusive vari- 
able — patient density? How can you be abso- 
lutely certain you'll select the correct exposure 
from patient to patient? 

Phototiming, through systems pioneered and 
perfected by General Electric, solves the problem. 
Ultra-sensitive detectors unerringly measure part 
thickness, and push buttons simplify critical con- 
trol adjustments automatically. You enjoy today’s 


. 


phototiming consistency with the added advan- 


tage of stopping motion even in the %o-sec range. 
General Electric’s accent on value — ofttimes 
readily apparent, sometimes hidden, but always 


significant — pays big dividends year after year. 


Progress /s Our Most /mportant Product 
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... certainly not owners of G-E 
Fluoricon Image Intensifiers; 
their cine camera is easy to reach 


You enjoy a “ground floor" advantage when loading the 
G-E Fluoricon synchronous camera. There's no need to 
climb a step ladder, balance on a stool or stand on the 
x-ray table. Fluoricon's special side-mounted camera 
eliminates this often ignored problem. 
The exceptional Fluoricon camera is a creation of 
General Electric camera specialists with years of experi- 
ence producing precision film svstems for the Air Force. 
Instead of adapting an existing 16-mm camera they de- 
veloped this advanced system exclusively for x-ray record- 
ing. Result? Automatic camera rotation for upright cine- 
film images... daylight loading... rotatable camera 
mounting for loading from front of table...compact profile 
... true synchronization. 


These and other original features are typical of hidden 
values found in the G-E Fluoricon. They are the best protec- 
tion your x-ray dollar can know! 


Progress [s Our Most Important Product 
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In buying 


x-ray 
equipment: 





How much do you reall 


*EXACTLY SC . . . cost of the metal 


monogram. Because, actually your G-E x-ray invest- 
ment adds up to a remarkable value when you 


COMPARE TOTAL COST 


— Not Just what it costs to buy... but what it 
costs to keep x-ray equipment going over the 
years. For a common thread running through 
everything General Electric produces is the 
determination not to leave customers out on à 
limb. Price-cutting has to take its "savings" 
from somewhere, and it's no secret that help- 
after-installation often becomes an irresistible 
place to chop. 

But the truth is simply this: x-ray equip- 
ment isn't something you install and forget. 
It's working equipment. Sometimes exposed 


to beatings beyond anything designers logic: 
could foresee. And, because it IS work 
equipment, punished by countless daily stres 
owners lean on manufacturers for a hundr 
and-one things along the lines of service, te 
nical help and supplies. 


Aftermath of a "bargain" 


[ts fair to say price buyers occasionally h 
lucky and end up satisfied. On the other he 
"bargain equipment" frequently won't re 
itself as a bad guess until “in and anche 
down.” Disrupted schedules and unexpec 
costs then become unavoidable... and 
buyer finds himself confronted with an ex 
sive maintenance factor. 

Product quality will minimize service w 





“nay for the name"?* 


to a greater degree than most people realize. 
As an example, G-E specifies the highest qual- 
ity wound iron cores and polyester insulation 


in its x-ray transformers ... ล ร extra safeguards 
to dependability under daily operating de- 
mands. Further, each transformer is evacuated, 
dried and factory-filled to reduce contamina- 
tion. These and other standards of quality give 
General Electric x-ray transformers /onger life 
and greater reliability, evident in owner mainte- 
nance savings. 


Savings speak for themselves 


Time repeatedly demonstrates that General 
Electric quality cost LESS in the long-run, a 
fact further borne out by G-E owners. Low 
total cost permeates all G-E thinking. At this 


ec 


point it also seems pertinent to observe that 
General Electric outsells other x-ray equipment 
...d pretty good testimonial to the value! 


compare total cost 
YY 


TIME IS THE TRUE 
TEST OF G-E VALUE 
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ALLIS-CHALMERS 


TWENTY-FIVE MILLION VOLT 


ETRY 


You treat deep tumors with less damage to 
intervening tissue with the Allis-Chalmers 
25 Mev Betatron. As shown above, this high- 
energy, high intensity equipment, ope rating 
at 22 Mev, delivers 50% of dose to the surface 
— 70%, of dose at almost 15 centimeters down. 
'Treatment is accomplished with fewer appli- 
cations. 

Less discomfort to the patient. With a focal 
spot of only 0.2mm, there is a complete ab- 
sence of side-scattered radiation — penumbra 
is absent. Precise aiming of the beam puts the 
radiation exactly where you want it . . . adjoin- 
ing tissue is unaffected. 

You simplify treatment. Rotational therapy 
is unnecessary with the Allis-Chalmers Beta- 


and BETATRON RADIATION 
A-C BETATRON 


———— — () 


co 55080 cm 5x7 cm 





30-50% MORE TUMOR DOSE 
45-50% LESS ENTRANCE DOSE 


tron. You need calculate only one readily- 
delineated portal. With the highest ratio of 
tumor dose to total body dose, the Allis- 
Chalmers Betatron eliminates the need for 
complex therapy planning. 
Allis-Chalmers Betatrons have been proving 
their economy, reliability and effectiveness in 
medicine, research and industry since 1944. 
You're assured dependable operation. 
๑ ๑ * 

Examine 25 Mev therapy. See your nearest 
A-C representative, or write Allis-Chalmers, 
Accelerator Department, Milwaukee 1, Wis. 


ALLIS-CHALMERS 


A-1742 
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THE VITAL LINK 
IN YOUR 
CINE CHAIN 


THE 35 MM 
CINE VIEWING TABLE 


The 35 mm cine viewing table 
gives you full benefit of the image quality, 
achieved with 35 mm film stock. 


Perfect projection with steady image 


Projection onto a frosted-glass screen for observation 
by one or two persons. 


Projection onto a miniature screen at back of table 
for viewing by a small group. 


Loops as well as 1000 ft. (300 meters) lengths of film 
can be projected. 


Film can be run forward or reversed at speeds from 
6 to 25 frames/sec. 


Single-frame projection also possible. 
Maltese-cross intermittent feed mechanism. 


IN THE SERVICE OF THE MEDICAL WORLD 


For further information please apply to the Philips organisation in your 
Country. Sold in the U.S.A. by: North American Philips Company, Inc., 
Medical & Dental Division, 525, West 52nd Street, New York 19, N.Y. 
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In 


Hysterosalpingography 


use 





= 


A. Left tube partially outlined; right tube not seen. 


the low viscosity 


contrast medium 


Ethiodol 


ethiodized oil 





B. 24-hour film: tubes patent bilaterally. 


For more accurate, objective diagnosis in female infertility 


Eruiopor (ethiodized oil) is nonirritating, and its low viscosity permits easy and 
painless administration. It provides superior contrast and excellent visualization. 
Moreover, 24-hour films are afforded for “additional diagnostic information on 
tubal patency, pre-spillage, or peritubal adhesions, which in many instances cannot 
be assessed as clearly from the films made immediately after injection of the 
radiopaque medium." ๑ Hysterosalpingography should be preceded by careful 
history and pelvic examination. It should not be performed in the presence of 
intra-uterine bleeding, pelvic infection, or pregnancy. In an occasional patient, 
transient abdominal pain may occur. 


1. Sobrero, A. J., et al.: Obst. ๕ Gynec. 18: 91, July 1961. Films courtesy Samuel A. Robins, M.D. Available in 10 cc ampules, 
boxes of two. For complete information consult the package circular or PDR. 4 development of Guerbet Laboratories. 


E. FOUGERA & COMPANY, INC., Hicksville, Long Island, N.Y. C 
In Canada: Bell-Craig Pharmaceuticals, Toronto 2B, Ontario Í 10 ๐ 
= FOUGERA = ethiodized oil 
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ENCYCLOPEDIA 
of X-RAYS and 
GAMMA RAYS 


Edited by GEORGE L. CLARK 


Reranch Profesor Emeritus, Noyes Chemical Laberators 


Unisersity of linen, Urbana, Mimas 


Wath costributions from 300 international specialists 


REINHOLD PUBLISHING CORPORATION 





ENCYCLOPEDIA OF X-RAYS AND GAMMA 
RAYS 


Edited by George L. Clark, Research Professor Emeritus, 
University of Illinois. 1963, 7 x 10, Approx, 1200 pages, 


$35.00 


The world’s foremost authorities on radiation science 
have pooled their vast wealth of experience into this 
major scientific encyclopedia. 

A total of 300 specialists have written more than 
350 articles under the editorship of Professor G. L. 
Clark, who has spent more than forty years in the 
radiation field and is acknowledged as an international 
authority on X-rays. 

The many areas of this tremendous subject are repre- 
sented by men of widely diversified occupations. Many 
are from colleges of medicine and dentistry; others are 
from hospitals, clinics, research institutes, and govern- 
ment agencies involved in atomic energy research. 

The book includes such recent topics as atomistics, 
nuclear materials and reactors, space, missile, aero- 
nautical, astrophysical and astronautical projects. The 
more conventional types of industry are represented by 
scientists writing on alloys, automotive materials, light 
elements (e.g, berrylium, magnesium, carbons), 
cement and other building materials, chemicals, clay 
products, electronics, foods, drugs, polymers and 


plastics, and many others. The most advanced stages, 
mathematical and theoretical, of such widening and 
deepening segments of knowledge as McLachlan’s 
masterly treatment of Information Theory, Bonart's 
Fold (Faltungs) Integrals and the Paracrystalline State, 
Hauptman's Phase Problem, and Rudman's Line 
Breadth Analysis are a few more examples of the 
various kinds of important subjects included. 

The overall design of this encyclopedia was to 
cover every conceivable phase of X and G radiation. 
This has been achieved with a thoroughness and clarity 
that follows the traditional quality of excellence which 
characterizes the other Reinhold scientific encyclo- 
pedias. The coverage of topics which are in the public 
eye is as newsworthy as today's headlines. For example, 
the reader will find an accurate evaluation of the bio- 
logical consequences upon the survivors of the 1945 
Nagasaki and Hiroshima atomic bombings, and ac- 
counts of the latest strides in X-ray microscopy, flash 
radiography and cineradiography at incredible speeds. 

Pin-pointing specific information is easy in this en- 
cyclopedia. All articles are listed alphabetically under 
the key word in the title. Where there are other signifi- 
cant words in the title, or important sections in the 
text not indicated expressly by the title, these are all 
appropriately listed with reference to the actual loca- 
tion of the article, in a kind of continuous topical index 
throughout the book. There is, of course. the conven- 
tional topical index at the end of the volume. 

Professor Clark has edited and been responsible for 
several highly successful Reinhold encyclopedias in- 
cluding Encyclopedia of Microscopy, Encyclopedia of 
Spectroscopy and Encyclopedia of Chemistry. In each 
one, he has gathered together the greatest names in all 
areas of chemistry, and groomed their collective work 
into a superbly organized, thorough reference. 

The "Encyclopedia of X-rays and Gamma Rays" 
surpasses all other printed works on the subject of X 
and Gamma Radiation. Certainly it is the definitive 
work on the half-century old radiation field. 


| 30-DAY EXAMINATION OFFER 
| REINHOLD BOOK DIVISION, Dept. M 149, 430 Park Avenue, 
| New York 22, N.Y. 

Please send me the following book for 30 davs' examination under 
| the following terms: 
| | Total Payment enclosed (Reinhold pays regular delivery charges) 
| Bill me (plus delivery charges) 
l 


ENCYCLOPEDIA OF X-RAYS AND GAMMA RAYS $35 


NAME 


น ม เน ร ก ณา ซุ ณา เอ ณา อา ขา ย ย Oe a EECA ae ee 


LD RNIN 


SAVE MONEY! Enclose full payment and Reinhold pays all regular 
delivery charges. Same return privilege guaranteed. Please add 
sales tax on Ohio, Penna., Calif. and New York City orders, Send 
check or money order only—do not enclose cash! 
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A CHOICE SELECTION FOR ROENTGENOLOGISTS 
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$11.75 tute, Houston, Texas. 7. , . certainly the most 
complete, the best presented textbook on this 
[] RADIOGRAPHY OF INFANTS AND subject vet published."—— Journal of the Ca- 
CHILDREN by Donald B. Darling. Tufts nadian Association of Radiologists. Jan. 62, 
Univ., Boston, Mass. With the technical assist- 408 pp., 346 il. (Amer, Lec. Radiation Ther- 
ance of James M. Anthony. Children's apy edited by Milton Friedman, New York 
Hosp. of Pittsburgh, Pittsburgh, Pa. Univ.), $16.50 
"s.s. should serve for reference in the rad [71 RADIOGRAPHIC ATLAS OF SKELE- 
ology library of every hospital and in the ^ TAL DEVELOPMENT OF THE FOOT 
library of every roentgenologist in private AND ANKLE: A Standard of Reference 
practice." —Pediatric. Herald. Dec. , 212 by Normand L. Hoerr. 5. Idell Pyle and 
pp. 456 il, 79 tables (Amer. Lec. Roentgen Carl € Francis, all oj Western Reserve 
Diagnosis edited by Lewis E. Etter, Univ, of HH niv.. Cler eland, Ohio. t$ A re ‘liable, comple te 
Pittsburgh), $16.50 description of the normal sequential osseous 
changes in the developing human skeleton... 
{7 MODERN RADIOLOGY IN HISTOR- of inestimable value both to the radi- 
ICAL PERSPECTIVE by Stephen B. ologist and to the orthopaedic surgeon." 
Dewing » Hunterdon Medical. Center, Flem- —[he Journal of Bone and Joint Surgery. Jan. 
ington, N J.*... reveals considerable research "62, 176 pp. (85 x 11), 276 iL, $9.50 
vie the Backerannd of radiology and is defi- Ei Pea A DEL ธร จา พ ร MO ES. IM UU. 
D in the presentation of ‘the historical L] CHANGING. PERSPECI IV ES ON THE 
development. -—Journal of the American GENETIC EFF EC rs OF RADIATION 
ee nc by James V. Neel. Univ. of Michigan, Ann 
Medical Association. Aug. '62, 200 pp., $5.75 eni 50 
B Arbor, Mich. Describes extensive studies 
oe ว ม เว ี อ ๒2 แม 8 ค่ อ อิ ซึง TN f which the author directed on genetic effects 
C) RADIODERMATITIS by Ervin Epstein, of the atomie bombs in Hiroshima and Naga- 
Univ. of California, San Francisco, Calif. With saki. Focuses particular attention on the val. 
special chapters by 5 distinguished contribu- iditv of the small change in sex ratio among 
tors: Salvatore Bossio, Dell F. Dullum. children born to exposed parents. March ^63, 
Jean S. Felton, Howard Hassard, and 112 pp., 22 il, $5.00 
Rees B. Rees. 7... unique in its coverage of 0000 us "e | 
this subject from the standpoints of history, L] IONIZING RADIAT ION: An Old Hazard 
etiology, clinical picture and diagnosis, histo- ma New Era by George J ievsky. George 
pathology, prognosis and treatment.”-—The Ir ashington Univ, F ashington, D.C. “... pre- 
American Journal of the Medical Sciences. sents simply and in true perspective factual 
June %62, 200 pp, 54 il. (Amer. Lec. Derma- material from the vast literature. Here at last 
tology & Syphilology edited by Arthur C. is clear thinking on a subject which has been 
Curtis, Univ. of Michigan), $7.73 greatly confused in the public mind by highly 
Í | emotional opinions. -Journal of the Indian 
C] MEDICAL RADIOGRAPHIC TECHNIC Medical Profession. March 62, 176 pp. (7 
NEN (2nd Ed., 2nd Ptg.). Prepared by the X 10), 65 iL, $6.00 
Technical Service X-Ray Dept., General [INTRAVENOUS CHOLANGIOGRAPHY 
Electric Com pany. Under the original editorial by Robert E. Wise, The Lahey Clinic, Bos- 
supervision of the late Glenn W. Files. Re- ton, Mass. “`... well presented, easy to read, 
vision by William L. Bloom, Jr.. John L. and has beautifully reproduced roentgeno- 
Hollenbach, James A. Morgan «nd John grams... should serve as a valuable reference 
B. Thomas. À comprehensive, time-tested to all radiologists. "The Journal of the 
guide for all x-ray operators. Tells exactly American Medical Association. July 762, 160 
what to do. how. and why. June '62, 398 pp. pp. (655 x 11), 121 il. (Amer. Lec. Roentgen 
(7 x 10), 493 il, 811.00 M gnosis edited by Lewis E. E ter), 80.50 
CHARLES C THOMAS * PUBLISHER 301-327 East Llowrence Ave. SPRINGFIELD * ILLINOIS 


OLOGY by Donald de Forest Bauer, 
Klamath 0 Hosp., Klamath n Ore. 


et 


in ook form dor those o pr 
r themselves in 


0 practice. M "63 8 pp. 109 iL, 


X4 10 New Books by Leaders in the Field 
C] THE PRACTICE OF COUNTRY RADI- 


[| RADIATION THERAPY IN THE MAN- 


AGEMENT OF CANCERS OF THE 
ORAL CAVITY AND OROPHARYNN by 
;»ilbert H. Fletcher and William S. Mac- 
Comb. Physics Section by Robert J. Shalek 
and Marilyn Stovall. All of Univ. of Texas 
M. D. Anderson. Hospital and Tumor İnsti- 








the ULTIMATE in table design! 









HEAVY DUTY 
RADIOGRAPHIC-FLUOROSCOPIC 





FOR THE PATIENT: 
the ultimate in comfort 


FOR THE RADIOLOGIST: the ultimate 


in efficiency and convenience...less 
work and less effort to do it! 






















เพ 


* See your "Standard" Dealer or 
write for Descriptive Literature. 











FUNCTIONAL CONVENIENCE: Maximum acces- 
sibility to the table. There's NO FRONT LEG, covered 
up or exposed, to keep the radiologist away from the 
table and spot film device. He can work comfortably 
right up against the inward slope of the table body 
(just 14 inches away from the center) without back- 
breaking bending and strain, resulting in more ease 
and much less effort. 


๑ Choice of manual, semi-automatic or fully auto- 
matic Spot Film Device. It is quickly, easily "parked" 
out of the way, leaving table top free and clear. Move- 
ment is smooth and light because of the weight-saving 
counterbalance method. Low profile of tower and spot 
film device in "parked" position eliminates inter- 
ference with shock-proof radiographic cables. 


๑ Table operates on a single fulcrum. Tilts 90° vertical, 
and full 15? Trandelenburg. Automatic horizontal stop 
is standard equipment. Provides coast-free tilting 
from foot switch on base or hand switch on spot device. 
A retractable step for patient's convenience is stand- 
ard. Features power driven moving table top (op- 
tional). 


๑ Magnetic locks for all movements of the fluoroscopic 
and spot film staging. Switch control at operator's 
fingertips or automatic operation by the spot device 
action. 


FUNCTIONAL EFFICIENCY: The manually operated 
multiple plane fluoroscopic collimator is the proven 
best method of coning in radiography. It is now adapted 
for fluoroscopy as standard equipment, at no extra 
cost. 


You get the built-in protection of a fluoroscopic col- 
limator, completely enclosed body and automatic 
bucky slot cover at no extra cost. 


FUNCTIONAL BEAUTY: a truly handsome table 
with clean, simple lines that is all new from the 
ground up. No unnecessary gadgets or decoration to 
increase cost or decrease function. It is handsome ina 
dignified way. Smooth surfaces are easy to clean and 
keep clean. Smart two-tone colors: light sand-tone on 
the body to emphasize working area; dark hammer- 
tone on base that continues to look good after years of 
cleaning, spillage or just plain abuse. This table is the 
finest exampe of Standard's more than 50 years of 
experience in the field ! 
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X-RAY COMPANY 


1932 N. Burling St., Chicago 14, Hl. 


Within this control, reliability by Westinghouse: 


BUCKY 2 METRA 
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dh 





เต น น ieu SANT ง MS Ie RIE Sobre Tert e prp, IKANNI aol a aa! E 


Now, high-speed anode rotation for high kv technique with the all 
NEW DELRAY CONTROL. Anode rotation at standard speeds or as 
high as 10,000 rpm. 500 ma-150 kv, 300 ma-150 kv and 125 kv. 
m Compact, space-saving design. Clean, modern 
styling. แพ Eye-level indicators and efficient control 
grouping for quick, easy, accurate operation. แพ 
Engineered for total flexibility with circuitry ar- 
ranged to accommodate all techniques —includ- 
ing high kv. m Plug-in relays are lifetime-sealed. 
พ Simplified design for fast, easy installation and 
service. M For full technical data, write Westing- 
house Electric Corporation, X-Ray Division, 2519 
Wilkens Avenue, Baltimore 3, Maryland. 
You can be sure... if it’s Westinghouse. 
We never forget how much you rely on Westinghouse 


JOR ALBA 
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RADIATION THERAPY WITH HIGH-EN ERGY 
ELECTRONS USING PENCIL BEAM 
SCANNING* 

By J. W. J. CARPENDER, M.D., LESTER S. SKAGGS, Pu.D., 

L. H. LANZL, Pu.D., and M. L. GRIEM, M.D. 


CHICAGO, ILLINGIS 





LI ' 1934 Brasch and Lange? reported on 

the use of what they termed “fast cath- 
ode rays" as a method of therapy. This 
apparently is the first paper dealing with 
the direct use of an electron beam as a 
therapeutic agent other than electrons from 
radioactive substances. The authors seem 
to have been quite in agreement with those 
who have considered this modality more 
recently. They cite as advantages: (1) well- 
defined range; (2) ability to give of more 
energy at the depth than on the surface; 
(3) high biologic activity; and (4) magnetic 
directabilitv. While they were talking 
about electrons with only superficial pene- 
trability, they did produce epilation with- 
out superficial radiation effect using elec- 
trons ranging from 0.7 mev. to 2 mev. No 
pigmentation was noted. They also found 
that the effects of overdose were similar to 
those of roentgen radiation. 





REVIEW OF LITERATURE 


Trump and his co-workers? described the 


* From the Department of Radiology, The University of Chica 
United States Atomic Energy Commission by The University of Ch 


therapeutic possibilities of electrons in 
their communication on the Van de Graa 


mey, 55 915 

The first mention of the use of high 
energv electron beam therapy was by Haas 
et al.’ which appeared in 1924. These au- 
thors pointed out the advantages which had 
previously been described and also stated 
that the skin reaction did not differ essen- 
tially from that experienced with other 
radiations. This paper dealt with electrons 
from a 22 mev. betatron. There have been 
a number of other reports in the literature. 
Uhlmann® described the sharp cut-off in 
the mucositis produced in the process of 


go, and the Argonne Cancer Research Hospital. Operated for the 
cago, 


Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 2~ $, 1962, 


OR 


015 J. W. J. Carpender, L. 5. : 


treating a tongue lesion through a single 
portal. He also described mild skin reac- 
tions which cleared quite rapidly. In addi- 
tion, he showed some of the advantages in 
treating deep-seated tumors by means of 
opposing port tals. Lochman™ described the 

reactions obtained with a tg mev. beam of 
electrons and mentioned that the biologic 
effectiveness is roughly two-thirds of the 


effectiveness of ordinary roentgen rays of 


2 mm. Cu half value laver quality. As a 
consequence, the skin and tumor doses 
administered to these patients were con- 
siderably higher than those given to most 
of the other reported patients. He con- 
cluded that at this energy level there are 
important advantages in the use of elec- 
trons for treatment of subsurface and uni- 
lateral head and neck malignancies. Uhl- 
mann and Ovadia? have used higher 
energv electrons, 28 to 33 mev., for the 
treatment of pulmonary and esophageal 
lesions with promising early results. 

Gale and Innes? have presented some 
verv interesting dose distributions where 
mixed roentgen-rav beams and electrons 
are produced simultaneously by the same 
machine, using specially designed targets. 
Thev showed that this produces a flat beam 


and that the volume dose 15 considerably 
lowered. Chu and her co-workers? have 


used electron beams of varying energy for 
the management of both inoperable and 
locally recurrent carcinoma of the breast 
with what is described as good palliative 
results in a high percentage of patients. In 


only 1 of 70 patients was there evidence of 


radiation pneumonitis and skin reactions 
rarely progressed to small areas of moist 
desquamation, although the tumor doses 
were in the order of 6,000 rads to most of 
the areas treated. In addition, they were 
able to retreat several patients who had 
had prior roentgen therapy. 

Ovadia and McAllister," who work with 
Uhlmann, have described the use of a grid 
in electron therapy in order to protect the 
skin and normal tissue overlving tumors. 
The need for this is somewhat surprising in 


Skaggs, L. H. Lanzl and M. L. Griem 


Aveust, 1953 


view of Uhlmann's previously quoted 
assertions which indicate minimal skin re- 
actions. Ovadia and McAllister state that 
the skin reactions observed normally do not 
limit the treatment but mav be a source of 
discomfort to the patient. 

Veraguth? has described clinical experi- 
ments using electrons from 10 to 30 mev. 
His report concerns 200 patients with a 
wide range of malignancies, some of which 
had been previously treated by roentgen 
ravs. He emphasizes the advantages of 
electrons: the uniform dose, sparing of 
sensitive tissues near tumors, reduced bone 
absorption and skin sparing. He points out 
that the mucosal reaction differs but little 
from conventional treatment but has ob- 
served a greater variation in time and 
intensity of reactions requiring closer ob- 
servation of patients in order to judge 
response. 

Zatz, von Essen and Kaplan?! have used 
discus from 10 to 40 mev. at Stanford 
University. Thev state that while the 
electron beam has very little skin-sparing 
effect compared to megavoltage roentgen 
ravs, there is less skin reaction than with 
comparable doses of 200 kv. peak roentgen 
ravs. Skin doses of $,700 rads regularly 
produced severe dry reactions and usually 
wet reactions in large portions of the field 
but the reactions were less for small fields. 
Thev agree with other observers that the 
mucosal reactions are similar to those pro- 
duced by equal doses of roentgen rays both 
in time of appearance and intensity. While 
their patients were treated at a higher 
weekly dose rate and a fractionation sched- 
ule of 3 treatments per week rather than §, 
thev s not feel that this 1s an adequate 
explanation for the increased skin o 
More recently, Perry e£ a/. have described 
in detail the methods of planning treat- 
ments for head and neck malignancies, 
using a range of 6 to 24 mev. Smedal and 
his co-workers!* have reported good results 
in §22 patients with a variety of superficial 
lesions who were treated with electrons of 
relativelv low energv, ! to 4 mev. 
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EQUIPMENT AND PHYSICAL 
CHARACTERISTICS 


Space does not permit detailed discussion 
of the physical applications and dosimetry 
of electron beam therapy. This material has 
been adequately presented in the articles 
quoted above, as well as in manv others. 
Only a brief description of the equipment 
will be given and some of the unusual ap- 
plications which are possible will be men- 
tioned. The device which has been used in 
these studies is the linear accelerator and 
pencil beam scanning system of the Argonne 
Cancer Research Hospital of The Univer- 
sity of Chicago.!? The accelerator is of the 
traveling wave type and is powered bv two 
klvstrons in cascade (Fig. 1). 

Energv control of the accelerated elec- 
tron beam 1s obtained by setting the proper 
combination of radiofrequency power level 
of the klvstrons and of phase of the elec- 
trons with respect to the radiofrequency 
wave in the second section of the wave 
guide. In this unit the electron energy is 
readily variable from 5 to £o mev. 

On leaving the accelerator, the electrons 
enter the unique pencil beam deflecting and 
scanning system! (Fig. 2). The scanning 
device directs the electron beam, which is 
approximately 0.5 cm. in diameter, over 
the tumor area of a patient. The beam is 
guided bv means of magnetic fields and is 
capable of scanning arbitrary field sizes and 
shapes up to 20 X20 cm. under one treat- 
ment method (Fig., 3 4 and B, and 4). It 
can also be used to carry out convergent 
beam therapy over an arc up to 360°, with 
ล width up to 20 cm. (Fig. 6 and 6). The 
beam is a pulsed beam with a repetition 
rate of 6 ๐ per second and a length of 1.2 
microseconds. The patient area is elevated 
and a Siemens treatment cot is used (Fig. 
7). 

There are two quantities of the electron 
beam that need careful calibration to 
ensure proper patient dosimetrv: (1) the 
energy of that portion of the beam which 
reaches the patient. The collimator de- 


Radiation Therapy Using Electron Pencil Beam 223 





Fig. 1. The 5 to 5o mev. electron linear accelerator 
of the Argonne Cancer Research Hospital. Three 
klystron stations are shown, one of them a spare. 
The accelerator tube proper is contained in the 
protective housing shown on the left side of the 
picture. (Photograph courtesy of High Voltage 


Engineering Corporation, Burlington, Massa- 


chusetts.) 


limits the electron energy to a band of 
ti per cent of the present energy. The 
energy of the beam is determined by mag- 
netic deflection techniques; and (2) the 
intensity of the beam is established from a 
knowledge of the area covered by the beam 
per unit time and the absolute value of the 
electron current. The electron current itself 
is measured by means of a Faraday cage 
based on the design of Rozenfeld." 

The absorbed dose is determined on an 
absolute basis by making use of the energy 
and current intensity as well as the collision 
energy loss formulation of Sternheimer. 
This work on absorbed dose determination 
has been reported previously.” 

The beam intensity is continuously 
monitored bv means of a transmission ion 
chamber and the results are recorded 
(Fig. 7). 

The very high dose rate of this svstem 
must be emphasized. If a tvpical cell of 
approximately 20 microns 1 ท diameter near 
the surface of a field which is receiving 300 
rads 1 ท a single treatment is considered, it 
can be calculated that the cell receives its 
dose of 300 rads in 27 pulses of approxi- 
matelv 1 microsecond duration. The total 
time to deliver these 27 pulses at 60 pulses 
per second is 0.45 second, and the average 
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Fic. 2. Schematic drawing of pencil beam deflecting and scanning unit showing arrangement of magnet 
system, counter weight, rotating shield, treatment cot and patient. The electron beam is contained within a 
vacuum chamber not shown in this sketch. Inset on right illustrates scanning over a single portal. 


dose per pulse is 11 rads. The dose rate 
averaged over the 1 microsecond pulse 1s 
then 11 X 10° rads per second; but, in addi- 
tion, the pulse is further modulated by the 
accelerating radiowave so that 2,856 
bunches or groups of electrons arrive during 
each 1 microsecond pulse. The duration of 
each bunch of electrons is not known ac- 


A 


FIG, 3. 


curatelv with the sharp energy collimation 
used; it cannot be appreciably greater than 
| /;sth of the inter-bunch interval and 1t may 
easily be as short as !/;«th of the interval. 
The pulse average dose rate must be multi- 
plied bv the reciprocal of these factors to 
obtain the instantaneous dose rate. There- 
fore, the dose is delivered in pulses of about 





Scan pattern obtained by means of rotation and linear movement of magnet #3. 


(4) Scan spacing at 1.0 cm.; (B) scan spacing at 0.5 cm. 
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Fic. 4. Films, located within a phantom, exposed to electron beams of various energies. 


0.004 rad each, with a dose rate of 200 to 
500 times 10° rads per second. All of the 
other systems mentioned above use foil 
scattering and, while the beams are pulsed, 
the dose rate is much lower: than in the 
case of the pencil scanning beam. There is a 
possibility that our high dose rate may play 
a part in the very limited skin reactions to 
be described later. 


CLINICAL APPLICATION 


Before undertaking patient treatment, 
LD;, curves in mice were run with both 
high energy electrons and cobalt 60 gamma 
rays. The relative biologic effectiveness 
(RBE) determined from these runs was 
1.00 +0.07 where the 0.07 represents the 
19/20 confidence limit determination for 
the "potency ratio." 

Since our first patient was treated on 
June 16, 1959, it is obvious that this pres- 


entation cannot deal with results of treat- 
ment in terms of cured disease. We have 
proceeded very slowly since we felt that we 
were dealing with an almost entirely new 
modality. Ninety-seven patients have been 
treated up to the present time. Fifty-one 
had malignancies of the head and neck, 8 
had intrathoracic tumors, 5 had mycosis 
fungoides, 1 had an extensive recurrent 
squamous cell carcinoma of the skin of the 
thorax, 4 had carcinoma of the urinary 
bladder, 3 had benign lesions, and the re- 
maining 25 had a variety of lesions treated 
on an experimental basis, most of them for 
palliation only. Thirty patients received 
tumor doses of 6,000 rads or better through 
single portals, 15 had lower doses aimed at 
cure, either because of tumor sensitivity or 
because irradiation was being used in com- 
bination with an experimental drug, and 42 
patients received onlv palliative doses of 
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Fic. 5. Schematic drawing of experimental arrange- 
ment for irradiation of phantom in field scan. 


radiation. In no case was a wet reaction 
observed and in rare instances did a severe 
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dry epidermitis develop except when such 
reactions were deliberately produced bv the 
addition of scattering material used 1 ท 
order to bring the biologic dose of radiation 
upto the skin surface. In the parotid tumors 
and oropharvngeal lesions, the sharp cut- 
off of mucositis reported by others was most 
striking. Dry mouths with thick ropy saliva 
have not been noted in these patients and 
we have altered our usual procedure ot 
complete dental extractions in such pa- 
tients and now remove only those teeth 
which will be included in the zone ot ir- 
radiation. 

One of the first patients treated had a 
mixed tumor of the parotid gland. She had 
noted swelling and a hard mass of the right 
parotid gland for 6 months. We used a 
special lucite template, such as we make tor 
all specially shaped portals, and delivered a 
tumor dose of 6,000 rads at 5 cm. depth 
(Fig. 8). Twentv-eight treatments were 
given between Julv 6, 1959 and August 17, 
1929. The energy of the electron beam was 
14 mev. for the first 10 treatments and 
11.5 mev. for the subsequent ones. At the 
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conclusion of therapy, the area of the single 
portal showed a moderate erythema which 
cleared rapidly. After 3 years there has 
been no evidence of recurrence and the skin 
appears normal except for a slightly 
coarsened texture (Fig. 9.7). 

The second patient to be described was 
first seen at our hospital in April of 1961, 
complaining of a growth on the upper gum. 
several biopsies showed only leukoplakia, 
which was cauterized. The lesion grew in 
size however, and another biopsv showed 
squamous cell carcinoma. When we saw 
her, there was a large fungating lesion in- 
volving the left upper gingiva extending 
into the gingivobuccal gutter and having a 
plaque-like extension halfway across the 
palate. Using a single, 4.58 cm., portal 
and an electron beam at 20 mev., we 
planned a tumor dose of 6,000 rads. Treat- 
ment started on December 6, 1961. After 20 
treatments and a tumor dose of 4,000 rads, 
the skin showed a mild erythema. The 
erythema was brisk with some bronzing at 
the time of the 31st treatment, at the tissue 
dose of 6,800 rads (Fig. 95). Thirty-two 
treatments were given with a tumor dose of 
6,300 rads, completing the course on 
January 17, 1962. The maximum tissue 
dose was 7,050 rads. Within 23 weeks the 
skin reaction had almost entirely disap- 
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Fic. 7. Patient treatment area showing the final 
scanning magnet together with the vacuum 


chamber and transmission ionization chamber at 
the beam exit. 
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l'16. 8. Scan pattern used for electron beam 
therapy on a particular patient. 


peared (Fig. 9C) and in 6 months the skin 
appeared normal (Fig. 97). 

Another patient had a history of sore 
throat of 3 months' duration when seen in 
January of 1962. 4 fungating lesion involv- 
ing the right vallecula, arytenoid, false 
cord and lateral pharyngeal wall was found. 
Biopsy showed squamous cell carcinoma in 
all areas. There was a large, very firm 
lymph node palpable in the right carotid 
triangle. The patient had a history of two 
myocardial infarctions 1n the past. À tumor 
dose of 6,400 rads was given in 36 treat- 
ments between January 15, 1962 and 
February 27, 1962. The maximum tissue 
dose was 7,900 rads. The electron beam 
energy was 20 mev. except for the last 9 
treatments, which were given at 18 mev. 
The tumor dose was calculated at 8 cm., 
which was the 80 per cent level. One week 
before completion of treatment, there was a 
brisk erythema in the single 12X15 cm. 
portal. At 2 weeks after treatment, the 
erythema was subsiding and in 6 months 
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the skin appeared normal. The mucositis 
which appeared at 2,400 rads was severe at 
the end of therapy. The lymph node de- 
creased in size but still remained as ล 1 cm. 
hard nodule which has not changed in the 
last ; months. There is edema of the right 
ary but no evidence of tumor. 

A patient with carcinoma of the tonsil 
was somewhat unusual. She had received 
7,000 rads to the right tonsil for a squamous 
cell carcinoma in 33 treatments From is 
tember 28, 19:9 to N 





'ovember 12, 193 
radiation was given through a 1 o? sector a 
rotation, using the Co unit. In February 
of 1962 the patient was again referred for 
treatment, having developed a squamous 
cell carcinoma of the left tonsil. Because of 
the former irradiation, it was decided to use 
an electron beam in order to avoid the previ- 
ously treated tissue as much as possible. 
An 8X 11 em. portal was used at 13 mev. for 
the first 17 treatments and an 8X 13 cm. 
portal at 15 mev. for the last 7 treatments. 
A tumor dose of 6,450 rads was delivered 
between February 24, 1962 and March 31, 
1962. The skin reaction at the completion 
of treatment consisted of a dry, scaling 
epidermitis (Fig. 9E) which subsided within 
a month (Fig. 97). A maximum tissue dose 
of 6,800 r was delivered. 

Quite a different problem was posed bv a 
patient who was first seen in July of 1961, 
complaining of a mass in the nose and up- 
per lip of 6 months' duration (Fig. 9G). She 
had a long historv of soreness inside her 
nose and had been given 3 roentgen ray 
treatments 2 years previouslv and 4 more 1 
year before. A biopsy showed squamous 
cell carcinoma. In this case we used 25 mev. 
electrons. In order to bring the maximum 
dose up to the surface of the lesion, a unit 
density wax mold was constructed. The 
patient received 34 treatments from Au- 
gust 2, 1961 to September 12, 1961 and the 
surface dose was 6,700 rads, with 5,560 rads 
at 9 cm. depth from the mold surface. A 
wet reaction resulted (Fig. 9/7) but 9 
months later the skin appeared almost 
normal (Fig. 97). 
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DISCUSSION 

There appears to be considerable dis- 

agr eement ' b authors as to 


ee tron peg tre enn. 0 ลา 
portals when the skin dose is in the neigh- 
borhood of 6,coo to 8,000 rads. Lochman” 
encountered wet skin reactions when ae 
dose exceeded 7,500 rads. Zatz and his co- 
workers?! have reported skin reactions com- 
parable to those from orthovoltage roent- 
gen therapy. There is also some disagree- 
ment as to the relative biologic effectiveness 
(RBE) of electrons. Lochman" concludes 
that the RBE is no greater than with 
roentgen rays and probably less. 

The observations described in this paper 
suggest that the skin reactions are less than 
those reported by most of the authors 
quoted. There are a number of possible 
explanations which can. be considered. 
Since the scanning beam traverses the area 
in a pattern simil e to a television raster, it 
may be that there is an effect similar to 
treatment through a grid. However, the 
scanning 1s performed in such a way as to 
give a practically homogeneous surf; ice 
dose, particularly when day to day varia- 
tions in port positioning are considered. 
Another possibility is that with the pencil 
beam the radiation may be relatively clean 
as compared with a foil-scattered beam. 
Finally, the actual dose rate to the skin 
must be taken into account. This dose rate 
is 200 to 500X 10° rads per second. It may 
be that the latter part of the dose delivered 
to any cell is given during a period of rela- 
tive anoxia, the bulk of the oxygen having 
been consumed during the first part of the 
time in which the dose is given. Dewey and 
Boag! found modification of the oxygen 
effect when bacteria are treated with large 
pulses of radiation as compared to unpulsed 
doses of the same amount given over rela- 
tively long periods of time. 


SUMMARY 
. A partial review of the literature 
decine with the clinical aspects of electron 
beam therapv 1s presented. 
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FiG. 9. (4) Appearance of skin of face in patient (H.C.) receiving a tumor dose (5 cm. depth) of 6,000 rads 
years previously. (B) Skin reaction in patient (V.S.) at maximum tissue dose of 6,800 rads in 31 treatments. 
(C) Same patient (V.S.) after 21 weeks. (D) Same patient (V.S.) after 6 months. (E) Skin reaction in tonsil 
portal in patient (N.M.). Tumor dose of 6,450 rads in 24 treatments. (F) Patient (N.M.) after 1 month. (G) 
Patient (A.McFE.) prior to treatment. (H) Patient (A.McFE.); wet reaction after 6,700 rads at surface of 


lesion in 35 treatments. (7) Patient (A.McF.) 9 months after treatment. 


.) 
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แล ย tons 


2, A brief description of the pencil beam 
scanning electron linear accelerator at the 
Argonne Cancer Research Hospital 1s 
given, 

3. Brief mention of the 97 patients 
treated by means of this device in the past 
3 vears is made. 

4. The limited skin reactions observed 
are described. 

5. Several theoretic explanations for the 
limited skin reactions are briefly discussed. 
Department of Radiology 
The University of Chicago 
Chicago 37, Hhinois 
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THE RELATIVE SURFACE IONIZATION FOR HIGH 
ENERGY ELECTROMAGNETIC RADIATION* 


By J. L. HOWARTH, M.A., M.Sc. 


ALBUQUERQUE, NEW MEXICO 


EE subcutaneous build-up of ioniza- 
tion which occurs with high energy 
roentgen-ray or gamma-ray beams has long 
been recognized as giving the important 
clinical advantage of reducing skin reac- 
tions. Failla, in 1936, first called attention 
to the possibility that a skin sparing effect 
could be obtained with supervoltage roent- 
gen rays and, in 1937, Failla, Twombly and 
Marinelli'^ published the first build-up 
curves, using a radium gamma-ray beam. 
A condition of electronic non-equilibrium 
exists at a skin or other surface irradiated 
by any kind of roentgen-ray or gamma-ray 
beam, but the effect is of practical impor- 
tance only in the energy range above that 
at which Compton scattering becomes im- 
portant. At these energies the mechanism 
of the build-up for a beam striking the sur- 
face normally is shown in Figure 1. 

The Compton electrons are ejected pre- 
dominantly in the forward direction, so 
that, in the layers near the surface, the 
number of electron tracks crossing unit 
area parallel to the surface increases, until 
an equilibrium 1s reached at a depth ap- 
proximately equal to the maximum range 
of the electrons. Thus the absorbed dose 
rises to a maximum at this equilibrium 
depth, and then falls off slowly due to 
attenuation of the roentgen-ray beam. 

The absorbed dose on the surface is not 
zero, however, because of secondarv elec- 
trons arising from the air and solid material 
(filters, diaphragms and source housing) be- 
tween it and the source, and because of 
some electrons which reach the surface 
from below. The ratio of the surface ioniza- 
tion to the equilibrium ionization will be 


referred to as the relative surface ioniza- 
tion. In this paper this term will be used for 
the ratio of the surface ionization to the 
ionization which would occur at the surface 
under conditions of electronic equilibrium. t 
The relative surface ionization is not the 
only quantity on which skin reactions de- 
pend. Especiallv at energies up to a few 
mev. the absorbed dose rises very rapidly 
in the first few millimeters under the sur- 
face, and the absorbed dose at the depths 
where skin reactions arise may be much 
higher than that at the surface. Also, of 
course, the subcutaneous peak absorbed 
dose must be considered as a limiting fac- 
tor. In spite of these reservations, however, 
it is clear that the relative surface ioniza- 
tion is an important parameter in relation 
to skin reactions and that in most cases it 
should be made as small as possible. 
Following the work of Failla ez al>" and 
as supervoltage equipment became avail- 
able, the skin sparing effect was observed 
clinically,3449 and, in 1943, build-up 
curves were published by Trump and 
Cloud“ for roentgen rays up to 4 mev., and 
by Koch, Kerst and Morrison? for higher 
energy roentgen rays. Since then manv 
clinical studies of supervoltage skin reac- 
tions have been made—a recent paper by 
Liegner and Michaud?! gives most of the 
relevant references—and many experimen- 
tal studies of build-up curves and the rela- 
T This is not quite the same as the ratio of the surface ionization 
to the peak ionization, since the peak ionization is slightly less 
than that which would occur at the surface under equilibrium 
conditions, This is because the peak occurs a little further away 
from the source and because the roentgen-ray beam is attenuated 
slightly in the surface layers. It is possible to make the necessary 


allowances, however, and to calculate the one quantity from the 
other. 
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* From the Department of Radiology, Lovelace Foundation for Medical Education and Research, Albuquerque, New Mexico. 
A slightly modified version of a paper presented at the Tenth International Congress of Radiology, Montreal, Canada, August 29, 


1963. 


This investigation was supported by Research Grant C-3912 from the National Cancer Institu te, Public Health Service. Part of the 
preliminary work was supported by the James Picker Foundation on recommendation of the Committee on Radiology, National Re- 


search Council. 


a 


diat 


aT 


232 
tive surface ionization have been made for 
cobalt 6053.55 7.9,10.15,20,22,29.31,41 and cesium 
pgg 7-14, 20,21,30,49.95 radiations, for 1 and 2 
mev. roentgen rays,” 63394350 and for 
roentgen rays of higher energies. 2259995 
38.42.44 Many of these studies are relevant 
only to particular therapy machines, fre- 
quently directed toward determining the 
most appropriate beam defining systems 
and treatment distances, and it is often 
difficult to apply the results more generally. 
An attempt has been made, therefore, to 
devise a theoretical method for predicting 
the relative surface ionization tor different 
energies, collimation systems, field sizes, 
treatment distances, etc. This method ts a 
modification and extension of that pub- 
lished by the author in 1951 for 2 mev. 
roentgen rays?! and used by Haybittle® as 
an aid in the design of beam defining sys- 
tems for medium distance teletherapy 
units. 

Consider a beam of high energy electro- 
magnetic radiation incident normally on a 
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skin surface at a distance F. Figure 2 rep 
sents the case in which we have a circu 
beam limiting diaphragm and a layer 
solid material (such as the plastic field s 
indicator used on some machines) betwe 
it and the skin surface. It is assumed tl 
the thickness of this sheet is greater th 
the range of the secondary electrons, so tl 
no electrons from above this contribute 
the surface ionization, and any effects « 
to the differences in the atomic number: 
this sheet, the air and the material bel 
the surface are neglected. This is the s 
plest case, but the necessary modificati 
for other cases will be obvious. It is also 
sumed that in the case of very high ene 
roentgen-ray machines all electrons tr 
the primary electron beam have been 
moved, either by filtration or by deflect 
in a magnetic field. It has been shown 
cently! that for radioisotope telether: 
units, where there is no problem of c 
tamination with primary electrons, the s 
face ionization can be reduced by magn 
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Fic. 1. The mechanism of subcutaneous build-up of ionization. 
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deflection of secondary electrons produced 
in and near the beam defining svstem, but 
this studv does not take into account this 
possibility. 

For the purpose of simplifving the calcu- 
lation, three other assumptions less valid 
than those detailed above were made: the 
electromagnetic radiation was considered to 
be monoenergetic; the electrons were as- 
sumed to travel in straight lines with a 


f 
d 


straight line range of 1/1.4 times the recti- 
fed range; and the variation of LET with 
energy was ignored, 

The ionization at the point A on the sur- 
face can be obtained by integrating the con- 
tributions from electrons arising in annular 
elements such as that at P over the volume 
in which Compton electrons have enough 
energy to reach A. The integration was car- 
ried out first with respect to the variable x, 
56, along the surface of a cone of semi- 
vertical angle y, and then with respect to y. 

The expression for the surface ionization 
IS: 


k po 
Yu coy f BG Wad, 0 
C xg « 


where £-—x/F (This change of variable 
makes it possible to use the same computa- 
tions for different values of 7), & is a con- 
stant, and 


Bt, V) ere f(8) CERT 0 (2) 


/(0) is the appropriate differential cross- 
section. for Compton electron. production 
and is obtained from the Klein-Nishina 
formula. The second factor is a geometrical 
one. The analysis leading to the expressions 
(except tor the change in variable from x to 
£) is given in a previous paper.” 

The upper limit of integration for ๕ is 
reached when the distance PA becomes 
greater than the range of Compton elec- 
trons emitted at angle @. (This 1s when 0 is 
close to go”, and the recoil electron energy is 
small.) The lower limit for £ may occur in 
the air but usually occurs in the solid ma- 
terial laver. In this case the term for the 


E 


[B(£y)d£ splits into two parts, one for the 
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Fic. 2. Circular beam limiting diaphragm and inter- 
position of a layer of solid material between it and 
the skin surface. 


air contribution and the other for that from 
the solid material. If the electron range is 
such that £ does not vary very much in the 
thickness which contributes electrons to A, 
then B can be considered constant over this 
distance, and we have: 


d R’ 
Í BE, Wa = f BE, Wat + Bo V) (3) 


where £6 is the value of £ at the solid laver, 
and K is the range of electrons emitted at 
the solid layer in the appropriate direction 
minus the distance from here to A. 

To obtain the relative surface ionization 
it 1s also necessary to calculate the equi- 
librium ionization. This is done by calculat- 
ing the ionization at A assuming that A is 
surrounded by air uniformly irradiated with 
the same roentgen-rav Intensity as exists at 
A to a distance greater than the maximum 
electron range (see Fig. 3). This leads to the 
expression: 


Rk r/2 
>= f RO sin od, (4) 
5 ü 


where R(8) is the range of electrons emitted 
at angle 8. 
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The ratio of Y., from equation 3, to 7,” is 
the relative surface ionization if we ignore 
the contribution from electrons reaching 
the surface from below. Fortunately, it is 
possible to estimate this contribution. If it 
is a fraction z of the equilibrium ionization, 
this quantity must be added to both F, and 
Jv, sothat the relative surface ionization is: 


ty cy / 
Ta J = = XM ก (s) 
Henn. 
Now for very small field sizes J.0, so 


that as the field size becomes very small 
X-oz/(1-Fz). 

For a few energies there are published 
values for direct measurements of z or of 
the limiting value z/(1 +2), from which z 
can be calculated. Hine? has also given 
values for the ratio of forward to backward 
emission of secondarv electrons produced 
by gamma rays of different energies in vari- 
ous absorbers. For low atomic number ab. 
sorbers the logarithm of this ratio varies 
linearly with energy, and the quantity, z, 
can be calculated from interpolated values. 
The agreement between the values calcu. 
lated from Hine’s data and the experi- 
mental values is very good (see Table 1) 
and a formula based on Hine's results has 
been used. 

The computation of X is somewhat 
tedious, mainly because of the form of the 
function /(8) which has the value: 


p 2(1 ee 
E T EN | UR NN | Bot 


279 676 


ห อ ร ล อ ร รน น ณะ miim atem esent gira 


PA eG 
! 


í [ (1 + o)? tan? 8 — T 
where ๓ = E/o.c11, and E is the initial 
photon energy in mev. The constants €, My 
and c have their usual significance. 

lor the electron ranges the data of 
Nelms* were used. The straight line range, 


» BS + 29.6208 T + 25.1518T? + 1945.21 T? + eo 
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* Howarth, J. L. Brit, F. Radiol., 1951, 29, 67 I-675, 
> Haybittle, J. L, fete radial, 1955, 44, §O5~$20, 
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R, was assumed to be 1/1.4 times the rect 
fied range, and an analytical expresston fc 
this was found to fit Nelms’ data with a 
accuracy of better than 1 per cent. This es 
pression for R in cm. of air of densit 
0.00120$ g.cm.^? is; 
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0.0223756 + 0.0923616 T + 1.740711? -- 4.92632 T* + T« 
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where T' is the energy of the electron in 
mev. 

The upper limit of integration, &, (equa- 
tion 3) was found by solving the equation 
obtained by putting the expression for PA 
(from Fig. 2) equal to the expression for the 
range in air (equation 7) of Compton elec- 
trons emitted at angle 6, whose energy iis 
given by: 


ras z . (8) 
(I + o)? tan? 0 + 1 + 2 ๓ 





An IBM 704 computer* was used to 
evaluate, for a wide range of energies, the 
function B(é) (see equation 2), its integral 
with respect to £ (see equations 1 and 3), 
and the integral in the expression for E. 
(equation 4). It was also used to solve the 
equations for &. A few calculations were 
carried out and graphs of the function 7 
were plotted on the Lovelace Foundation's 
Bendix G-15 computer. 

The second term on the right hand side 
of equation 3 was obtained from (see Fig. 


ว 


— (1 -# ป 5 ร 6 ปิ ต = J), — (9) 


$e 


where 9, is the value of 0 when E=. R was 
obtained from Nelms" data for electrons 
emitted at 0, whose energy was calculated 
from equation 8. 

The two terms on the right hand side of 
equation 3 were added and the integration 
with respect to V was performed graphi- 
cally. 

Figure 4 shows a few of the computed re- 
sults for cobalt 60 beams for the case de- 
scribed above. The relative surface ioniza- 
tion increases with ys, that is with field SIZe, 
and increases with £y, reaching the value 1.0 
when &)=1, that is when the solid filter is at 
the surface and we have electronic equl- 
librium. It was found that for a given value 


* I am indebted to Mr. Henry Schutzberger and Mr. Duane C. 
Jenson of the Morris Engineering Company for these computa- 
tions. 

T I would like to thank Mr. Ray W. Albright for his help in this 
part of the work. 
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Fic. 4. Some of the calculated values of the 
relative surface ionization. 


of y, the relative surface lonization, X, 
varies very nearly linearly with F, the 
source-surface distance, making interpola- 
tion for different values of F very simple. 

Experimental measurements for compari- 
son have been made using ionization cham- 
bers such as the one shown in Figure 5. The 
design is based on that of Aspin, Baker and 
Johns,' and because of its symmetry, with a 
thin collecting electrode made of graphite 
on a nylon mesh, avoids the difficulty of the 
polarity effect observed with a thick elec- 
trode.^:^ The electrical connection was 
made by threading the thin wire in and out 
of the nylon mesh and painting it with the 
graphite suspension. The guard ring was 
similarly connected. The ionization volume 
IS 3 cm. diameter X6 mm. thick. The win- 
dow, which is also the high voltage elec- 
trode, is made of thin graphited cellophane 
of 6.85 mg. cm.-? thickness, held in place by 
a lucite ring. The insulating material is 
polvstyrene. Measurements were made 
both with and without a sheet of plastic 
thick enough to produce equilibrium. The 
surface measurement (without the plastic) 
was corrected for the finite window thick- 
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Fic. 5. Thin walled Hat ionization chamber fer build-up measurements. 


ness by taking readings with additional moderately good, and in other cases, par- 
cellophane thicknesses and extrapolating to ticularly for very large fields and when the 
zero. solid material is close to the surface, even 
Figure 6 shows a comparison between a greater discrepancies are observed. How- 
few of the calculated and experimental re- ever, the direction of the discrepancies 1s 
sults for cobalt 60 gamma radiation. Over such that they will be reduced when ac- 
this particular range the agreement is only counts taken of the variation of LET with 


the energv of the electrons, and the agree- 
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Vic. 6. Comparison of a few of the calculated 
and experimental results. Io. 
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semi-quantitative predictions possible. For 
instance, 1t 15 clear that, to take full advan- 


25 cm. from the skin, as has been found in 
experimental investigations. It is also clear 
that, without spoiling the build-up, the 
solid material can be allowed to come 
closer to the skin for small fields than for 
large fields. This is fortunate, and it pro- 
vides a Justification for the common prac- 
tice of extending diaphragm svstems or 
using beam trimming devices with small 
fields where sharper beam definition is more 
important. 

As a final example, let us consider one in- 


From equation 1 we see that the function B 
gives the contribution to the surface ioniza- 
tion from secondary electrons produced in 
an annular volume at P. Figure 7 shows the 
form of the function B for cobalt 6 ๐ radia- 
tion as a function of £ for different angles y. 
These curves show a high peak close to 6 = 1 
(7.¢., close to the skin surface) with a rapid 
fall-off toward the source. 

The effect of reducing the atmospheric 
pressure would be to reduce proportionally 
the contribution to the [Bdé from £, to the 
surface (the first term on the right hand 
side of equation 3) and to increase the con- 
tribution from the solid laver at £, (the 
second term on the right hand side of 
equation 3), since the quantity R’ (the 
range of electrons emitted at £, minus the 
path through the air) would be increased. 
If the value of B at £ is less than the aver- 
age value of B between £ and the surface, 
as 1s clearly the case here, the total ioniza- 
tion at the surface will be reduced. At 
higher energies, and especiallv for large 
fields, the peak in the curve of B becomes 
less pronounced and eventually disappears, 
so that at higher energies this mav not be 
true. However, for cobalt 60 or cesium 1 “ 
or roentgen rays of a few mev. energv, we 
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can conclude from the theorv that skin 
reactions will be less if the treatment is 
given at high altitudes. 


Lovelace Foundation for Medical Education 
and Research 

4800 Gibson Boulevard, SE 
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"THERAPY OF TUMO ORS ABOUT THE 


HEAD AND 


By R. G. PARKER, P. WOOTTON, and L. 


SEATTLE, W 


ADIATION therapy. of lesions about 

the head and neck results in incidental 
irradiation of nearby innocent tissue, con- 
taining structures of great importance. 
Concentration on the offending volume of 
tumor often is accompanied bv relative 
disregard for structures such as the lens, 
retina, brain stem, cervical spinal cord, 
tooth-bearing Done, and thyroid, Conven- 
tional depth dose tables and isodose charts 
are not applicable. Therefore, it seemed of 
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S.P.H.S. (1952) providing equipment for 2 mev. Van de Graaff 
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TABLE II 


DM e OO EI RE n, 


Co" 2 mev, 300 kv. peak 
Treatment Field - 5 - 1+51541+ tS Qe - โน ++++++++ ค 5 ee, = = 

3 Pb c Pb š Pb 6 Pb s Pb c Pb 
Lateral pituitary (4X4 cm.) 12.0 2,0 2:0 2.0 6.0 4.0 
Tonsil (7X 10 cm.) 4.0 AO mus moo a 3.0 
Nasopharynx (7X 12 cm.) BI 4.0 4.0 4.0 5.0 4.0 
Anterior antrum (7X8 cm.) 98.0 6.0 107.0 36.0" 69.0 11.0 
Lateral antrum (8X8 cm.) 69.0 $7.0 44.0 43.0 37.0 68.0 
Lateral antrum (4X8 cm.) 235 3.0 2.0 2:0 6.0 4.0 


สอ น ห แร ร ห พ ร ละ ร ร ร แร ร ร ร อ นะ ล ห ร ณะ Seber san ENT a aN TO CSET TE a ec se nett tnt 1111 cars 4 see ot pete 


* Note: length of central core of lead inserted in beam was 6 cm. for Cof? and 4 cm. for 2 mev, 


value to determine dosage in these impor- 2 mev. apparatus and for radium applica- 
tant sites when standard techniques were tions in the oral tongue, nasopharynx and 
applied for treatment of tumors of the antrum. 

pituitary, maxillary sinus, nasopharynx, 


tonsil and endolarynx with 300 kv. peak 108 
(half value layer of 3.0 mm. Cu), Co® and Exposure doses due to teletherapy gam- 
ES 





Anterior cervical field Lateral larynx field Lateral pituitary field Lateral tonsil field 


(7 X 14cm.) (4 X 44cm) (áX 4cm) (7XlOcm.) 





Maxillary sinus fields 


Latera! nasopharynx field 


7X8 cm. anterior » (7 X12 cm) 
» X8 cm. laterali | 
4X & em. posterior / 


Fic. 2. 


ma-rav, supervoltage and orthovoltage 
roentgen-ray beams were measured with 
ionization chambers essentially the same as 
those previously described! Adequate 
choice of sensitivitv was provided by a 
compensated multirange microammeter in 
the read-out circuit. Measurement of ex- 
posure dose due to interstitial and intra- 
cavitary radium sources was made with a 
commercial scintillation probe. Data on the 
chemical composition of the sensing phos- 
phor in this probe were not available. 
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Water-air ratio experiments close to radium 
sources gave values in reasonable agree- 
ment with those obtained with air wall 
ionization chambers? (Table 1). The direc- 
tional sensitivity in three mutually per- 
pendicular planes was explored using a 
radium source § cm. from the scintillation 
crystal. Provided the angle between the 
axis of the light pipe and a line through 
the radium and phosphor was greater than 
30°, the sensitivity was independent (with- 
in 5 per cent) of the orientation of the 


Tagg HI 


DOSE TO CONTRALATERAL LENS (M EASURED AS PER CENT OF INCIDENT AIR DOS E.) 





Lateral pituitary (4X4 em.) PRO 3 
Tonsil (7X 10 em.) 5. d 


Nasopharynx (7 X12 em.) ao 
Anterior antrum (7X8 em.) i2. 
Lateral antrum (8X8 cm.) 
Lateral antrum {4X8 em.) 


Taste IV 


DOSE TO IPSILATERAL LENS FROM RADIUM INSERTION 
(1.0 MM. PT FILTRATION) 
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Oral tongue (to midline) 0.1 r/ hour 
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Tage V 


DOSE TO CONTRALATERAL LENS FROM RADIUM 
INSERTION (1.0 MM. PT FILTRATION) 


Oral tongue (to midline) 
Posterior nasal fossa/nasopharynx 
Antrum 


.1 r/hour 
๐ .4 r/hour 
.2 r/hour 


Tasre VI 
DOSE TO IPSILATERAL POSTERIOR MEDIAL ORBIT (2.5 CM. FROM SURFACE) 
(MEASURED AS PER CENT OF INCIDENT AIR DOSE) 
Co? 2 mev 300 kv. peak 
Treatment Field : 3111+55 ่ 0 0 78 ส 898.9 ญ 9 ญ "TH: x 
s: Pb é Pb s Pb č Pb 5 Pb c Pb 
Lateral pituitary (4X4 cm.) 36.0 6.0 220 quo 8.0 6.0 
Tonsil (7X10 cm.) 5.0 3.0 4.0 4.0 3.0 6 อ 
Nasopharynx (7X12 em.) 40.0 8.0 8.0 8.0 6.0 4.0 
Anterior antrum (7X8 cm.) 80.0 gs 80.0 adco 69.0 16.0 
Lateral antrum (8X8 cm.) FTO 70.0 uu 63.0 62. 60.0 
Lateral antrum (4X8 cm.) 15.0 $.0 4:0 3.0 9.0 6.0 


* Note: length of central core of lead inserted in beam was 6 cm, for Cof? and 4 em. for 2 mev. 
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Tasrk VII 
DOSE TO CONTRALATERAL POSTERIOR MEDIAL ORBIT (2.5 CM. FROM SURFACE) 
(MEASURED AS PER CENT OF INCIDENT AIR DOSE) 
Co® 2 mev 300 kv. peak 
| reatment | yel 1 DS tu ido Soe Ete eee oun ae WON E E AS aa ami atte ae an ane = 111+1+ ไฝ 1 — 
s Pb 6 Pb s Pb c Pb Pb c Pb 
Lateral pituitary (4X4 cm.) 21.0 0 3.0 408 Zu £20 
l'onsil (7X 10 em.) 5.0 5o 20 1 4.0 3:35 
Nasopharynx (7X 12 cm.) 43.0 16.0 9.0 9.0 6.0 ue 
Anterior antrum (7X8 cm.) 34.0 5.0 31.0 1670" 2565 9. ๐ 
Lateral antrum (85 Bem.) 59.0 $8.0 60.0 60.0 41.0 40.0 
Lateral antrum (48 cm.) 14.0 500 4.0 4.0 7.0 526 
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* Note: length of central core of lead inserted in beam was 6 cm. 


source. This was true in air and เท a scatter- 
ing medium. If the angle was less than 30°, 
the proximity of the gamma source to he 
light pipe between the phosphor and photo 
multiplier gave rise to spurious scintilla- 
tions in this pipe and the error was greater 
than $ per cent. In our experiments, the 
geometry was arranged so that this latter 
situation did not arise. The probe was 
therefore judged sufficiently air-lke and 
nondirectional to be emploved around the 
radium sources. It was not used for the 
teletherapy or roentgen-ray beams. 


THERAPY APPARATUS 


The relevant dimensions of the therapy 
equipment utilized in this study are given 
in Figure 1. 


METHOD 


The ionization chambers were exposed 
free in air to the primary beam from the 
teletherapy unit at the source skin dis- 
tance used to irradiate the treatment fields 


Taste VIH 


DOSE TO IPSILATERAL POSTERIOR MEDIAL ORBIT FROM 
RADIUM INSERTION (2.5 CM. FROM SURFACE) 
(1.0 MM, PT FILTRATION) 


m"-RR————————————————————————————————À 


๐ .1 r/hour 
O.4 r/hour 
o.8 r/hour 


Oral tongue 
Posterior nasal fossa/nasopharvnx 
Antrum 


for Co*? and 4 cm. for 2 mev. 


in an adult cadaver. The chamber was 
fitted with caps to provide electron equi- 
librium and the electrometer sensitivity 
was adjusted to read 100 per cent full sc: le 
on the least sensitive meter setting. This 
calibration was repeated for each field 
size emploved. Readings of exposure dose 
rate were then taken in zones of interest 
using an appropriate meter sensitivity. 
These readings were therefore made as 
percentages of in air exposure dose rate. 
The same procedure was followed for the 
roentgen-ray beams. 

In the radium experiments the scintil- 
lator sensitivity was adjusted to read roent- 
gens directly bv calibration with. radium 
sources of known strength and filtration. 
The quantity of radium used in the inter- 
stitial and intracavitary insertions was 
known and, hence, the roentgens per milli- 
gram hour at sites of interest could be 
evaluated. 

Reasonablv standard treatment tech- 
niques were used with Co**, 2 mev., and 300 


Taste IX. 


DOSE TO CONTRALATERAL POSTERIOR ORBIT FROM 
RADIUM INSERTION (2.5 CM, FROM SURFACE) 
(1.0 MM. PT FILTRATION) . 


Dose Rate per mg. 
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Oral tongue o. t r/hour 
Posterior nasal fossa/nasopharynx — 0.4 r/hour 


Antrum 0.3 r/hour 
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kv. peak (Maxitron) (half value laver of 3.0 
mm. Cu) apparatus. The fields used are 
illustrated in Figure 2. All measurements 
were obtained consecutivelv for each ap- 
paratus. The duplication of fields should 
have been of comparable accuracy to that 
accepted in the fractionated application of 
radiation in clinical practice. The initial 
dosages were recorded with the fields de- 
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fined by the incor porated collimating ap- 
paratus. The margin of the field closest to 
the ionization chamber was then r ' ore 
bv additional collimation (g em. of lead, 2 

cm. from the body surface for Co'^ nd 2 
mev. apparatus, and 3 mm. of lead on the 
body surface for the 300 kv. peak [Maxi- 
tron] apparatus). When direct anterior fields 
included the eve, the cornea was shielded 


TABLE X 


DOSE TO CERVICAL SPINAL CORD D (ex) 


) (M EASURED AS PER CENT OF INCIDENT AIR DOS E) 


2 mev. 300 kv. peak 


Lateral pituitary (4X4 cm.) ๐ ๐ ๐ ๐ O ๐ 
Tonsil (7 X 10 em.) 80.0 80.0 7460 74.0 ES 6 556 
Nasopharynx (7 X12 cm.) 2656 56.0 20.0 76.0 £O $0.0 

Lateral larynx (4X4 cm.) 355 ว o ๐ 1.0 o 
45° oblique larynx (4X4 em.) 9.0 2 2.5 2.0 305 2.0 

Tangential cervical lymph 
nodes (7 X14 cm.) 40-50 40-$ 40780 40-50 200 20.0 
TABLE XI 
DOSE TO BRAIN STEM (MEASURED AS PER CENT OF INCIDENT AIR DOSE) 
Co® 2 mev 300 kv. peak 
Treatment Field ' 0 ว ไฝ A 0 as A อ ๐555 80 —————— n ——— 

8 Pb c Pb 8 Ph e Pb 5 Pb eb 
Lateral pituitary TOP cm.) 1$.0 poo pie 3.0 อ 2.0 
Tonsil (7 X10 cm.) 40.0 29.0 2B 29 iu 31,0 S140 
Nasopharynx (7 X12 cm.) 75.0 70:0 ce pone 64.0 64.0 
Anterior antrum (7X8 cm.) 665.0 6.0 nE 70.0 45.0 46.0 
Lateral antrum (8X8 cm.) 69.0 68.0 63.6 61:0 aW 38.0 
L nier antrum Ld cm. i 60.0 60.0 02. ๐ 61.0 38.0 า 92 
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bv a suspended lead cylinder (6 cm. long 
and 1.5 cm. in diameter for the Co" and 4 
cm. long and 1.5 cm. in diameter for the 
2 mev. apparatus), casting a shadow about 
2.0 cm. in diameter. The data thus obtained 
are given in Tables 11 through xu. 


CONCLUSIONS 


1. In the treatment of tumors about the 
head and neck with a commercially avail 
able Co teletherapy unit at 80 cm. 
source skin distance, incidental dosage to 
various sites outside the volume of interest 
may be greatly reduced by additional colli- 
mation. Therefore, such collimation would 
seem a part of good technique. Values re- 
corded for the Co** apparatus with addi- 
tional collimation and the Van de Graaff 
apparatus without additional collimation 
are comparable. Such additional collima- 
tion makes no significant difference with 
the 2 mev. Van de Graaff apparatus used 
as à roentgen-ray source and minimal dif- 
ference in use of 300 kv. peak (half value 
layer of 3.0 mm. Cu) roentgen-ray appa- 
ratus. 

2. In standard techniques for radiation 
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treatment of tumors about the human head, 
incidental radiation to important sites such 
as the lens, posterior orbit, brain stem, 
cervical spinal cord, mandible and thyroid 
may be of some magnitude. Inasmuch as 
these dosages have been tolerated in a 
large number of long term survivors, such 
information should not lead to a curtail- 
ment of these techniques, but rather toan 
appreciation of the tolerance of normal 
tissues. 


R. G. Parker 
Department of Radiology 
University of Washington 
School of Medicine 
Seattle, Washington 
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COMBINED IRRADIATION AND CHEMOTHERAPY 





IN THE TREATMENT OF SQUAMOUS CELL 


CARCINOMA OF THE HEAD AND NECK* 


By MILTON FRIEDMAN, M.D, and JOHN F. DALY, M.D. 


NEW YORK, NEW YORK 


| ETHOPREXATE (MTX) has 

.* 4 proved to be a useful agent in the 
treatment of squamous cell carcinoma of 
the head and neck when given bv regional 
infusion. Methotrexate is also effective 
when given orally, though less so. It seemed 
desirable to test the combination of metho- 
trexate with radiation therapy to deter- 
mine whether the chemical agent enhanced 
the etfect of irradiation. 

Enhancement is difficult to prove be- 
cause statistical criteria. demand a large 
number of comparable cases which are 
difficult to obtain in any one clinic. Interior 
controls can be used when a small number 
of patients are available. For example, in 
multiple recurrent nodules of the chest wall 
from breast cancer, the lesions are divided 
into three treatment groups: irradiation 
only, chemotherapy only, and combined 
therapy. The groups are then compared 
with one another. In cancer of the head and 
neck, the patient generally has only one 
lesion and the following less reliable form of 
interior control had to be used: metho- 
trexate plus a sublethal dose of roentgen 
rays; when a /ethal effect resulted, this sug- 
gested that an enhancement effect had oc- 
curred. 

The term, enhancement, is used in a gen- 
eral sense with no intent to suggest the 
mechanism of the enhancement effect.? This 
study is concerned only with the radiobio- 
logic effect on the treated tumor; it is pre- 
mature to consider the etfect of combined 
therapy on cure rates. 

Forty-seven patients in this series re- 
ceived combined irradiation and metho- 
trexate. Forty patients received the drug 


by mouth and 7 bv regional infusion. Five 
patients had double primary cancers mak- 
ing a total of 52 lesions. Several treatment 
plans were used. The onlv criterion for 
evaluation of response was apparent com- 
plete destruction of the tumor for at least 
7 months. 


TREATMENT PLANS 


The treatment plans for the study of 
combined therapy were: 

Plan A. Chemotherapy is first given for 2 
to 4 weeks until its effect is evaluated; this 
is supplemented by a lethal or sublethal 
dose of roentgen rays. 

Plan B. Chemotherapy is given for ap- 
proximately 1 week until the clinician is cer- 
tain that the tumor 1s beginning to shrink. 
Then irradiation is added and both modali- 
ties are used simultaneously throughout the 
rest of treatment. The roentgen-rav dose is 
sublethal if one wishes to prove enhance- 
ment, or lethal if one is aiming for a maxi- 
mum effect. 

Plan C. When there are multiple metasta- 
tic lymph nodes, one group of lymph nodes 
receives irradiation only, while the other 
group receives irradiation plus chemo- 
therapy (Case 7). 

Plan D. A lethal dose of radiation is given 
simultaneously with chemotherapy from 
the first day on. This plan should be em- 
ployed in a long term clinical trial. 


ILLUSTRATIVE CASES 
TREATMENT PLAN A 


Case 1, In November, 1959 this patient had 
a hemiglossectomy and a radical neck dissec- 
tion for carcinoma of the lateral margin of the 


* From the Departments of Radiology and Otorhinolaryngology, New York University Medical School and Hospital for Joint 
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Fic. 1. Case 1. (4) Photograph on March 3, 1961 shows recurrent upper deep jugular lymph node involve- 
ment 16 months after hemiglossectomy and radical neck dissection for squamous cell carcinoma of the 
lateral margin of the tongue. (B) Ten days later, March 13, 1961, after so mg. methotrexate given orally 
over a period of 10 days. The neck lymph node mass decreased in size by 95 per cent from chemotherapy 


alone. 


tongue. Sixteen months later (March 3, 1961) 
an enlargement was noted of the deep upper 
jugular lymph nodes (Fig. 14). The patient was 
given oral methotrexate, 5 mg. a day. On the 
roth day, when the total dose was £o mg., there 
was 95 per cent shrinkage of the tumor from 
chemotherapy alone (Fig. 18). On the 12th day, 
irradiation was started using 230 kv. roentgen 
rays (Fig. 2). The mass disappeared completely 
after the first few radiation treatments. The 
total tumor dose was 4,050 rads in 22 days. 
There was no local recurrence 8 months later, 
when the patient died of pulmonary metastasis. 


Comment: In this case chemotherapy was 
given until significant shrinkage was ob- 
tained and then a sublethal dose of roent- 
gen rays was added. This tumor was unusu- 
ally chemosensitive. Five (10 per cent) of 
the tumors in this series were markedly 
chemosensitive. 


Case 2. This patient had 2 carcinomas, of 
the left soft palate and the right tonsil (Fig. 3, 
4 and B). The soft palate lesion was flat, super- 
ficial, and noninfiltrating (T, No). The right 
tonsillar lesion had extended across the sulcus 
into the tongue (T, No). 


The patient was given methotrexate orally, 
5 mg. a day for 3 days and then 7.5 mg. a day 
for 5 days. The total dose was 52 mg. in 8 days. 
Chemotherapy was terminated because of 
severe reactions: profound weakness amounting 
almost to mild shock and followed by ankle 
edema, epilation (which lasted 7 weeks), severe 
epithelitis of the oral mucosa, severe diarrhea, 
and marked agranulocytosis (Fig. 4). On the 
11th day, there was complete disappearance of 
the lesion of the soft palate; the tonsillar lesion 
shrank markedly as a result of chemotherapy 
only (Fig. 5). On the Igth day irradiation was 
started with 230 kv. roentgen rays by means of 
two cross-firing portals. The soft palate lesion 
received a sublethal tumor dose of 3,375 rads in 
23 days; there was recurrence of the lesion in 9 
months. At the same time the right tonsillar 
lesion received a somewhat larger but still sub- 
lethal tumor dose of 4,100 rads in 23 days (Fig. 
6). It shrank at a slightly slower rate but dis- 
appeared when the roentgen therapy was only 
half completed. The dotted line in Figure 6 
shows the rapid rate of histologic destruction, as 
indicated by serial biopsy studies. The tonsillar 
portion of the latter lesion has been arrested for 
more than 12 months, but that part which in- 
vaded the tongue recurred in 9 months. 
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Frc. 2. Case 1. Treatment and reaction chart. Note the 95 per cent shrinkage on the 10th day from chem 
therapy alone; there was 100 per cent shrinkage on the 18th day after the added roentgen ray tumor do 
reached 600 rads. The total added roentgen-ray dose of 4,050 rads in 22 days was sublethal, but wh 
combined with methotrexate it had a lethal effect. 


Comment: This is another instance wher 
เท preliminary methotrexate produce 
marked initial shrinkage of two indepei 
dent lesions in the same patient. If tt 
mechanmms of combination therapy we 
simple additivity, then the 100 per cer 
shrinkage produced by the drug plus tł 
roentgen-ray dose, which 1s approximatel 
60 per cent of a lethal dose, should has 
produced a 160 per cent result, namely, cui 
of the tumor. Yet both lesions recurred in 
months. Therefore simple additivity is nc 
the mechanism of combined therapy. TT 
effect might have been better if both nx 
dalities had been given simultaneously or 
the roentgen-ray dose were larger. 

The toxic reactions were unusually s 
vere from this relatively small dose of : 
mg. methotrexate in 8 days. 


Case 3. This patient had a carcinoma of tl 
faucial arch (T» No) and of the vocal co: 
Fi1G.5. Case 2. (4) Two carcinomas in the same pa- (T2 No). The PARERE, WAS nrst given 5 m 

tient: a small lesion of the left soft palate (TiNo) methotrexate daily for 23 days. The vocal ov 

and an extensive lesion of the right tonsil (T3No). lesion was not affected visually or on seri 

(B) Photograph of tonsillar portion of lesion on the biopsy study. The faucial arch lesion was est 

right side. mated to have decreased by 75 per cent on tl 
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Fic. 4. Case 2. Severe toxic effects following 52 mg. of methotrexate in 8 days given orally. Patient was 
unusually hypersensitive to the drug. The leukocytes dropped to 1,100 on the 12th day and the platelets to 
44,000. There was marked general weakness followed by ankle edema, epilation lasting 7 weeks, severe 
diarrhea for 2.5 weeks and epithelitis of the oral mucosa from chemotherapy alone. The later epithelitis 
from radiation could be separately identified. For the first 3 days the daily dose was 5 mg. and for the next 


5 daysit was 7.5 mg. 


28th day, at which time the chemotherapy had 
produced a second degree mucositis. However, 
serial biopsy showed a histologic destruction of 
only about 33 per cent, indicating that the 
residual tumor cells were chemoresistant. Con- 
sequently, a lethal dose of 7,204 rads in 36 days 
was added to the faucial arch lesion with super- 
voltage (2 mev.) roentgen rays using rotation 
technique. There has been no recurrence for 1 
year. The vocal cord lesion was not affected by 
methotrexate either visually or on serial biopsy 
study. A similar large lethal dose of 7,568 rads 
in 33 days was given but the tumor recurred in 
จ months. 


Comment: 'This case demonstrates that 
chemosensitivitv is an individual charac- 
teristic of each tumor and each organ in the 
same patient. The shrinkage of one tumor 
or tissue does not implv that a second tu- 
mor or parent tissue will respond similarly. 


TREATMENT PLAN B 


Case 4. This patient had a recurrence of a 
carcinoma of the larvnx in the tracheal stoma 
after laryngectomy. 

In 1956 the patient was irradiated with 
250 kv. roentgen rays for an early carcinoma of 


the vocal cord (T; No). The tumor dose was 
6,830 rads in 35 days. In 1961, 5 years later, it 
recurred and a total laryngectomy was per- 
formed. Several months later the tumor re- 





Fic. 5. Case 2. Photograph on the 11th day, follow- 
ing §2 mg. of oral methotrexate in 8 days. Note the 
100 per cent shrinkage of the tumor of the soft 
palate; the right tonsil lesion decreased markedly 
and was mostly replaced with white fibrous scar 
tissue. Irradiation had not yet been started. 


$) 
un 
o 


curred around the tracheal stoma (Fig. 7,7). The 
stoma was surrounded by a mass, 4X 4.5 cm. in 
diameter, which infiltrated and fixed the trachea 
and the subcutaneous and deep tissues, espe- 
cially on the right side. 

Oral methotrexate, 7.5 mg. dailv, caused re- 
markable shrinkage. On the t4th dav, when the 
total dose was tos mg., the mass decreased by 
more than soper cent (Fig. 7 B) and the tracheal 
walls inside the stoma became moderately 
movable. Chemotherapy was continued for 2 
more weeks for a total dose of 205 mg. in 29 


days, and then was terminated because of 
diarrhea and general weakness. There was no 
leukopenia. 


Irradiation was started on the 22nd day, us- 
ing 2 mev. roentgen rays and the rotation tech 
nique.? Because of the known radioresistance of 
the original tumor and of this type of recur- 
rence, a total tumor dose of 10,125 rads in 40 
days was given with supervoltage radiation to a 
cylinder, 6 cm. in diameter and 6 cm. high. The 
ensuing second degree epidermitis and epithe- 
“ jo days after the last roentgen 
tion He 0 Ec was given. There 
was no recurrence 1 year later when he died of 
metastasis. 


RIGHT TONSIL T3Nc 


Milton Friedman and John F. Daly 


Aveust, 1963 


Comment: The marked shrinkage pro- 
duced by preliminary oral methotrexate in 
this case was unusual, because the 4 other 
cases of primary carcinoma of the larynx 
in this series failed to respond to chemo- 
therapy. The subsequent administration of 
à large lethal dose of roentgen ravs pre- 
vented any deduction as to the effective- 
ness of the combined therapy. However, it 
is difficult to eradicate this tvpe of recur- 
rent carcinoma with irradiation only and 
the methotrexate may have contributed to 
the control of the lesion. 


Case $. This patient had a second primary 
carcinoma of the left wall of the hypophyarynx 
(I; Ni). The first primary tumor was a car- 
cinoma of the right hypopharyngeal wall which 
had been A sur gically 8months previously 
(Fig. 8, 4-C). 

Treatment was started with 5 mg. per day of 
methotrexate given orally. By the 6th dav the 
primary tumor shrank so per cent. Irradiation 
was addec and the two modalities were there- 
after used simultaneously. The total dose of 
methotrexate was 205 mg. in 40 days. The total 
given dose of supervoltage rorentgen rays was 
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Fic, 6. Case 2, Treatment and reaction chart of the tonsil lesion. 


28 35 4? 49 Days 





Note the marked clinical shrinkage. Two 


serial biopsies showed that the destruction was Du oceeding at a more rapid rate than was visible to the eye. 


The added roentgen-ray dose of 4,100 rads in 2 


3 days was sublethal in amount. The tonsillar portion was 


arrested for more than 11 mon ths; the extension ~ the tongue recu rred in 9 months. 
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5,373 rads in 38 days using 2 mev. and the rota- 
tion technique. Corrected for RBE by a factor 
of 0.85, the absorbed dose was 4,567 rads (Fig. 
9). The second degree epithelitis in the mouth 
was produced by the chemotherapv, as no radia- 
tion was directed to the mouth. Serial biopsy 





Fic. 7. Case 4. (4) Postoperative recurrence around 
the tracheal stoma on November 20, 1961. The 
mass measured 4X 4.5 cm., was situated mostly on 
the right side, and its granulations infiltrated and 
fixed the trachea and the subcutaneous tissues. 
The visible granulations are a small portion of the 
tumor. (B) More than 5o per cent shrinkage oc- 
curred on the 14th day as a result of 105 mg. metho- 
trexate given orally at the rate of 7.5 mg. a day. 
No radiation therapy had yet been started. (C) 
Three months after treatment. Tumor was de- 
stroyed and roentgen-ray reaction had healed 
following an added dose of 10,125 rads in 40 days 
with supervoltage (2 mev.) radiation using the 
rotation technique to a small cylindrical volume. 
This very large tumor dose was used because of the 
proved radioresistance of the original tumor and 
known increased radioresistance of a recurrent 
tumor around the tracheal stoma. 
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Fic. 8. Case 5. (4-C) Second primary carcinoma ot 
the left wall of the hypopharynx (T5N;). The first 
primary tumor had involved the right wall of the 
hypopharynx and was operated on successfully 8 
months previously. The lymph node at the right 
angle of the jaw was of questionable nature; those 
on the left side were unquestionably metastatic 
carcinoma. 


studies showed that the primary tumor was de- 
stroyed more rapidly than was apparent. The 
patient has been free of disease for a period of 7 
months. 


Comment: This 1s an example of treat- 
ment Plan B which theoretically should 
offer the most efficient combination of ir- 
radiation and chemotherapy. The ab- 
sorbed dose of 4,567 rads in 38 days was in 
the sublethal range (Fig. 15 and Table 11). 


TREATMENT PLAN C 


Case 6. This patient had an undifferentiated 
carcinoma of the nasopharynx with multiple 
metastatic lymph nodes (T; N3) (Fig. 10, 4 
and B). Treatment Plan C was used so that a 
comparison could be made between the two 
groups of lymph nodes. Ideally, the first group 
of lymph nodes should be treated with irradia- 
tion alone and the other with a combination of 
irradiation plus methotrexate, but in this case, 
the upper group of lymph nodes was first 
treated simultaneously with methotrexate and 
supervoltage irradiation (2 mev.) using the 
rotation technique. The primary tumor and 
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TABLE I 
INITIAL TUMOR SHRINKAGE PRODUCED BY METHOTREXATE ALONE 
Per Cent Shrinkage from Fai] 
Chemotherapy Alone VIV 
100 to | 75 to 5 ๐ to 25 
T ม oF € i T 
: M nt 76 23 26 certain 24 to No 
sis Lesions 1 Effect 

Faucial arch 4 | -— 2 | -- -- 
Tonsil 5 1 = | — I 2 
Tongue IO l — it 2 2 4* 
Hypopharynx 12 [^ — I 4 I $ 
Larynx 5 — - | -- I 3 
Nasopharynx 6 [* | -- | 2 | 
Sinuses (infusion) 4 p* j* — — 2 
Sinuses (oral) I |o — - - -- — | | — 
Floor of mouth 2 — -- | - | -- | 
Cervical esophagus I -- -— -- — | — I 
» : | - = | 

Totals 50 | 5 2 9 | 8 8 18 








* One Infusion. 
This table includes only the lesions originally treated with methotrexate alone. Tt excludes lesions which received methotrexate and 
irradiation simultaneously. 


CA HYPOPHARYNX T2Nı (Second Primary) 
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Fig. 9. Case 5. Treatment Plan B, 7.e., chemotherapy for 1 week until significant shrinkage had been pro- 
duced, then simultaneous irradiation and chemotherapy. Patient was able to tolerate a daily dose of 5 mg. 
methotrexate for a period of 40 days. The added supervoltage radiation dose of 5,373 rads in 38 days, when 
corrected for RBE, was 4,567 rads. It was considered to be sublethal in amount (Table 1 and Fig. 15). The 
second degree epithelitis in the mouth was produced by chemotherapy as no radiation was directed to the 
mouth. No recurrence to date. 
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upper metastatic lymph nodes were included in 
a cylinder of high intensity irradiation. The 
total given tumor dose was 6,600 rads in 39 
days; the absorbed dose was 5,610 rads. The 
patient was given oral methotrexate for a total 
dose of 125 mg. in 37 days. The upper meta- 
static lymph nodes and the primary tumor were 
destroyed. 

For the lower neck metastatic lymph nodes 
methotrexate alone was first given. The lymph 
nodes decreased in size about 25 per cent during 
the 5 weeks of chemotherapy but then recurred 
and became larger than originally. On the 45th 
day they were irradiated with 200 kv. roentgen 








Upper 
Nodes 





Lower 
Nodes 


Months 


BN -Rays - 6600 rads in 39 days 
METHOTREXATE -125 mg. in 37 days 


Fic. 10. Case 6. (4 and B) Carcinoma of the naso- 
pharynx. Example of treatment Plan C, wherein 
the upper group of lymph nodes received combined 
chemotherapy and irradiation simultaneously 
while the lower group of lymph nodes were given 
chemotherapy alone until its effect had been es- 
tablished, then irradiation was added. The upper 
lymph nodes received simultaneously 125 mg. of 
oral methotrexate plus 6,600 rads of 2 mev. roent- 
gen rays. When modified by RBE, the absorbed 
dose was $,610 rads in 39 days. It produced com- 
plete shrinkage. The lower lymph nodes were given 
an absorbed dose of 6,700 rads in 39 days with 
200 kv. roentgen rays. The previous methotrexate 
effect had worn off. Shrinkage was incomplete and 
transient. Thus combined therapy was more 
effective than irradiation alone even though the 
latter dose was larger. 
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Fic. 11. Case 7. Extensive carcinoma of the antrum, 
nasal cavity, ethmoid and orbit. The tumor shrink- 
age curve in Figure 12 1s based only on the visible 
lesion. 


rays, receiving a tumor dose of 6,700 rads in 39 
days. Shrinkage was incomplete, and the tumor 
recurred in less than I year, 


Comment: Methotrexate alone produced 
transient shrinkage of the lower neck meta- 
static lymph nodes followed by recurrence. 
Thereafter, an absorbed dose to these 
lymph nodes of 6,700 rads in 39 days with 
200 kv. roentgen rays had a sublethal 
effect. The upper lymph nodes and primary 
tumor which received a smaller absorbed 
dose of 5,610 rads in 39 days plus metho- 
trexate were completely destroyed. 

Theoretically, treatment Plan C should 
afford a good interior control because of the 
presence of multiple lesions. The conclusion 
in this case, that combined irradiation and 
methotrexate was better than either mo- 
dality alone, must be somewhat qualified, 
as the lesions differed in size, location and 
in the amount of central necrosis (oxygen 
concentration). 


INFUSION CHEMOTHERAPY 


Seven patients received methotrexate by 
continuous intra-arterial infusion. This 
regional concentration increases the effec- 
tiveness of the drug. As recommended by 
Sullivan and Daly,‘ the daily dose in most 
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. s ง 9 3 
Tase II 
RESPONSE OF LESIONS RECEIVING SUBLETHAL ROENTGEN-RAY DOSES AND CHEMOTHERAPY 
Months Months 
Case ^u Tumor Do . 
N z Site of Lesion i i " h ) kv. Tumor before 
No. rads/days 
disi Arrested Recurrence 
— Hypopharynx rF 634/35 230 14 -- 
5 Hypopharynx 4, 567/38 2,000 8 — 
— Hypopharynx 4,860/ 41 2,000 8 -— 
4,860/4 
3 Faucial Arch 32376/23 230 — 9 
— Faucial Arch 4,620/ 34 230 — 4 
4 Faucial Arch 2,566/12* 2,00 12 -—— 
| Tongue 2,800/18 200 — 6 
2 Tongue 4,050/22 230 8 -- 
3 Tongue 4,100/23 230 -- 0 
3 Tonsil 4,100/23 230 9 — 
— l'onsil 4,620/34 230 -— 8 
1 Gum 3,400/18 200 7 -— 
— Sinus 4,483/42 2,000 -— 3 











Note: All doses given with supervoltage (2,000 kv.) radiation were modified by an RBE factor of 0.85. Chemotherapy was given prior 


to or simultaneously with irradiation. In the column "Case No., 


» 


only those cases described in detail are identified by number. 


* The tumor disappeared on the 12th day when the dose was 2,550 rads; however, for other reasons the total tumor dose was brought 


up to 6,120 rads in 36 days. 


cases was SO mg., given by continuous 
intra-arterial infusion over a period of 24 
hours and neutralized by 6 mg. citrovorum 
factor given intramuscularly 4 times a day. 
Sullivan and Daly stated that the citro- 
vorum protected against toxic effects and 
permitted the administration of a larger 
daily dose of methotrexate. In one case, be- 
cause citrovorum was not available, metho- 


CA. ANTRUM (Infusion) 


Tumor 
Shrinkage 
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trexate was given 1n smaller daily doses, 10 
mg. 1 ท 24 hours. 

Although infusion renders methotrexate 
more effective as judged by the resulting 
tumor shrinkage, the oral route was used in 
most cases in order to study its effective- 
ness. 

ILLUSTRATIVE CASE 


Case 7. This patient had a carcinoma of the 
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Dose (rods) 
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Fig. 12. Case 7. Treatment and reaction chart. The first course of infusion chemotherapy produced a go per 


cent clinical shrinkage. Serial biopsy was performed on the 32nd day (see Fig. 


3). Second course of infu- 


sion, started on the 78th day, produced only a 25 per cent shrinkage. Cobalt 60 therapy was started on the 
Iogth day. The tumor was now not only chemoresistant but also radioresistant. 
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Fic. 13. Case 7. Histologic effects produced by infusion of 535 mg. methotrexate in 10 days. (4) Biopsy be- 
fore treatment showed moderately undifferentiated squamous cell carcinoma, Grade 3, with numerous 
mitotic figures. (B) Biopsy on 32nd day after treatment showed an area of marked acute cell death with a 
residual vascular stroma containing a small number of tumor cells exhibiting moderate to severe degenera- 
tion. (C) Tumor destruction by means of accelerated keratinization with architectural arrangement of the 
tumor lobules similar to that seen in 4. (D) Samples of several areas showing almost no effect of chemo- 
therapy except for occasional very mild cytoplasmic swelling. However, reproductive integrity is intact 
as evidenced by the numerous mitotic figures, some of which are abnormal for the tumor but most of 
which are the same as in 4. This illustrates the phenomenon of focal chemoresistance. 


antrum, nasal cavity, ethmoid and orbit (Fig. 
11). The microscopic examination revealed an 
undifferentiated squamous cell carcinoma, histo- 
logic Grade 3 (Fig. 13/7). The patient first re- 
ceived a total dose of 535 mg. methotrexate in 
1 ๐ days by infusion. On the 32nd day when the 
visible external bulge over the zygoma had de- 
creased by more than go per cent, multiple 
biopsy specimens were taken through a Cald- 
well-Luc approach. It was found at histologic 
examination of some areas that most ofthe 
tumor had undergone lysis and acute cell death 
(Fig. 138). Some remaining tumor cells, how- 
ever, were only partially injured, showing cyto- 
plasmic swelling and nuclear abnormalities. In 
other areas, from 30 to 70 per cent of the tissues 


contained tumor cells. In still other areas, there 
were foci of accelerated keratinization produced 
by the chemotherapy, exactly like the type of 
accelerated keratinization produced by irradia- 
tion. Most significant was the finding of several 
areas of chemoresistant, completely viable 
tumor cells (Fig. 13D) with as many as and 
occasionally more mitoses than in the pretreat- 
ment biopsy specimen. 


Interpretation of biopsy specimen: Most 
tumors have mixtures of cells, some of 
which are sensitive and some of which are 
resistant to the therapeutic agent. How- 
ever, when irradiation produces a go per 
cent visible shrinkage of a tumor, most of 
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the tumor cells are completely destroyed 
and the few remaining cells show some form 
of radiation injury and the mitotic figures 
disappear. On the other hand, when 
chemotherapy alone is given, there may be 
a considerable difference in response be- 
tween the chemosensitive and chemoresist- 
ant cells. The chemosensitive cells may 
show marked destructive changes (Fig. 
135), but the chemoresistant cells may 
escape injury and their reproductive in- 
tegritv may remain unchanged so that at 
the time of maximum clinical shrinkage of 
the tumor, reproductive integrity is re- 
tained and numerous mitotic figures are 
still visible. In the latter instance, early re- 
currence would be expected. 


The tumor subsequently recurred. A second 
course of chemotherapy by infusion was started 
on the 78th day and continued 8 days for a total 
dose of 275 mg. methotrexate. This time the 
tumor shrank only 25 per cent, suggesting that 
it was becoming chemoresistant. It recurred in 1 
month (Fig. 12). On the togth day irradiation 
was started with cobalt 60, but by now the 
tumor was not only chemoresistant but also 
radioresistant. It grew rapidly in size during 
the first 3 weeks of irradiation. Only after the 
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radiation dose exceeded 5,000 rads did the size 
of the tumor begin to decrease. The total given 
dose with Co? gamma rays was 7,400 rads in 
3 ๐ days. Two weeks after the last treatment the 
tumor disappeared but 2 months later it re- 
curred. 

Comment: In many tumors containing 
cells with varying degrees of malignancy, 
some of the cells are extremely resistant to 
the effect of chemotherapy. They may re- 
tain reproductive integrity so as to survive 
during chemotherapy and produce visible 
recurrent tumor within 1 month. The re- 
currence 1s often more chemoresistant than 
the original tumor. 

In another series treated only with 
methotrexate by regional infusion, one of 
us (J.F.D.)* reported a few cases with re- 
missions lasting 12 to 18 months; several 
lesions responded to a second and third 
course of chemotherapy. 


RESPONSE TO CHEMOTHERAPY 


In order to obtain information as to the 
effectiveness of methotrexate bv itself, 
most patients were first given chemo- 
therapy alone for different periods of time. 
Table 1 records 50 lesions in 47 patients 
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Fic. 14. Case 8. (4) Bulky carcinoma of the nasopharynx producing a filling defect. (B) Tumor was almost 
completely destroyed on the 33rd day by preliminary methotrexate given orally. This was the only naso- 
pharyngeal carcinoma which responded to oral methotrexate. Subsequent irradiation has prevented a 


recurrence to date. 
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THE PROBLEM OF ENHANCEMENT 


Approximately so per cent of the lesions 
responded in different degrees to the metho- 
trexate alone (Table 1). This 1s 1mportant 
but does not prove that enhancement can 
be expected in these cases. The contribu- 
tion of chemotherapy to the enhancement 
effect depends not onlv on the volume 
shrinkage of the tumor that it produces, but 
also on the amount of damage it causes to 
any chemoresistant cell that might be 
present (Fig. 13 D). 

When combining methotrexate with ir- 
radiation, an enhancement effect may be 
assumed to exist when a sublethal dose of 
radiation plus methotrexate produces a 
lethal effect on the tumor similar to that 
which would ordinarily be produced by a 
lethal dose of radiation alone. 

The term “sublethal dose" is critical and 
must be carefully defined. It is suggested 
that doses ranging from 3,400 rads in 18 
days to 4,860 rads in 41 days are sublethal 
for most squamous cell carcinomas of the 
head and neck (Fig. 15), except for a pos- 
sible rare, extremely radiosensitive tumor. 
In our series 13 patients received tumor 
doses in the sublethal range plus metho- 
trexate (Table i1). Seven of the 13 lesions 
disappeared for a period of more than 7 
months and comprise the chief evidence in 
this study that methotrexate may enhance 
irradiation effects. Plan C also (see Case 6) 
tended to support the thesis of enhance- 
ment. 


SUMMARY AND CONCLUSIONS 


1. Forty-seven patients with a total of 52 
squamous cell carcinomas of the head and 
neck were treated with irradiation. com- 
bined with methotrexate in an attempt to 
ascertain by means of two types of interior 
controls whether the chemical agent en- 
hanced the effectiveness of irradiation on 
the tumor. 

2. The response of the lesions to metho- 
trexate alone was first ascertained. Of 8 
lesions treated with regional infusion, § (62 
per cent) responded moderately or mark- 
edly to the drug. Of 42 lesions treated with 
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methotrexate administered orally, there 
was significant shrinkage in 19 (45 per 
cent). In general, about one-half of the 
lesions shrank © significantly following 
methotrexate in either form. 

3. Enhancement may be demonstrated 
when chemotherapy plus radiation doses in 
a sublethal range produce effects on car- 
cinoma similar to those produced by radia- 
tion doses in a /ethal range. Of 13 lesions 
treated with methotrexate plus sublethal 
doses of radiation, 7 disappeared for periods 
of more than 7 months. These 7 cases com- 
prise the chief evidence in this study for 
"enhancement." 

4. Methotrexate is the most effective 
available chemotherapeutic agent for squa- 
mous cell cancer of the head and neck; how- 
ever, its effect is usually temporary. Small 
or microscopic size components of chemo- 
resistant cells may escape damage, retain 
their reproductive integrity even in the 
presence of massive clinical shrinkage of the 
rest of the tumor and produce early recur- 
rence. The recurrence may be more chemo- 
resistant and radioresistant than the origi- 
nal tumor. 

s. The histologic effects on squamous 
cell carcinoma of the upper respiratory 
tract produced by chemotherapy are mostly 
similar to those produced by irradition. 
The major difference is that commonly 
there is a component of chemoresistant cells 
that withstands the drug, proceeds with 
mitosis during chemotherapy, retains its 
reproductive integrity and 1s responsible 
for early recurrence of the tumor. 


Milton Friedman, M.D. 
University Hospital 

£co First Avenue 

New York 16, New York 
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NDOCRINE exophthalmos most fre- 
quently occurs in association with un- 
treated Graves’ disease. It may, however, 
persist or arise in treated patients and thus 
exist in the euthvroid or hypothy roid 
state. Occasionally, it is seen in the ab- 
sence of clinically evident thyroid disease. 
In some patients the exophthalmos becomes 
severe enough to represent a major problem 
in patient care. When this situation arises, 
the process has been referred to as "malig- 
nant" or progressive exophthalmos. It is 
characterized bv increasing proptosis anc 
may be accompanied by subconjunctiva 
edema (chemosis), dilatation of scleral ves- 
sels, lid swelling, limitation of ocular mo- 
tion, inability to close the eyes, exposure 
keratitis and subjective complaints of 
blurring and burning. 
No uniformly successful treatment is 
available. Furthermore, progressive exoph- 
thalmos may pursue an unpredictable 
course, remissions sometimes occurring 
spontaneously. As a result, it is difficult to 
state with assurance that observed im- 
provement in exophthalmos after a given 
form of treatment was actually caused by 
the treatment. Wehave previously reported 
a decrease in exophthalmometer measure- 
ments following roentgen irradiation di- 
rected to the general area of the pituitary in 
60 per cent of one*and 46 per cent of another? 
group of selected patients. Since the prin- 
cipal criterion of improvement was a de- 
crease in exophthalmometer readings $4 
months to 2 vears after treatment, such 
delay ed improvement might have been 
"spontaneous" rather than caused bv the 
irradiation. These considerations prompted 
us to initiate a prospective study in 1955 of 
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the eve response during and immediately 
after the course of roentgen therapy for 
exophthalmos associated with thyroid dis- 
ease. 


METHODS 


Twenty patients received roentgen ther- 
apy for exophthalmos associated with thy- 
roid disease at the University of Michigan 
Medical Center between January, 1955 and 
September, 1961. Two of these patients are 
not included in this report. One patient did 
not receive eve measurements during the 
course E แพ อ ' 0 ไ โ ไ The other 


after | treatment. The 18 Wanne constitut- 
ing this report were first seen in the Clinical 
Radioisotope Unit to determine the rela- 
tionship of the exophthalmos to thyroid 
disease. If hvperthvroidism was present, it 
was treated. In most cases a therapeutic 
trial of desiccated thvroid was given for at 
least 2 months in dosage of 192 mg. per day 
while exophthalmometer measurements 
were repeated. The primary indication for 
roentgen therapy was continued progres- 
sion of the exophthalmos as shown by an 
increase in exophthalmometer readings. 
Hertel exophthalmometer measurements 
were performed by members of the Oph- 
thalmology Department using the same 
baseline in consecutive measurements on 
the same patient. An average of 2 measure- 
ments was obtained on each patient during 
the course of treatment. An average of 2 
measurements was performed in the subse- 
quent 6 months following treatment. Ex- 
aminations in all 18 patients were per- 
formed before, during and immediately 
after the course of irradiation. Twelve pa- 
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tients were hospitalized during the course 
of therapy and 6 were treated as outpa- 
tients while continuing their occupation. An 
effort was made to make the institution of 
roentgen therapy the only change in the 
patient's therapeutic regimen. The patient 
was encouraged to maintain his normal 
activity as much as possible if hospitalized. 
Departures from these principles are indi- 
cated in Table x. All but one of the patients 
treated were between 40 and 60 years of age 
Women outnumbered men 2:1. 

A representative technique of radiation 
therapy used in these patients was: 250 kv., 
I3 ma., sO cm. target skin distance, filtra- 
tion of 0.44 mm. Sn, o.25 mm. Cu, plus 
1.0 mm. Al, half value layer of 2.7 mm. of 
Cu, r per minute 1n air approximately 50, 
150 r as measured in air to each field each 
day to a total of 1,500 r per field. Two op- 
posing lateral skull fields were used. In 
arranging the fields, an attempt was made 
to include both the pituitary and the retro- 
bulbar regions. Field size therefore varied 
from patient to patient but most com- 
monly was approximately 7X7 cm. The 
calculated maximum midline dose at the 
level of the pituitary was in the neighbor- 
hood of 1,500 r. Transient headaches and 
erythema of the skin at the treated site 
commonly occurred during treatment. Epi- 
lation at the treated site often occurred 
subsequent to treatment and was not per- 
manent. 


RESULTS 


Exophthalmometer Response during Ther- 
apy. Thirteen of the 18 patients (72 per 
cent) measured during and immediately 
after the course of roentgen therapy showed 
a decrease in exophthalmometer measure- 
ments of 2 mm. or more in at least one eye 
during the 2 weeks of therapy, as shown 
in Table 1. The average decrease in meas- 
urements in the more prominent eye was 
2.8 mm. with a range of 2 to 5+ mm.* Six 
of the 18 patients (33 per cent) enjoyed a 
decrease of 2 mm. or more in both eyes, 
with a range of 2 to 5+ mm. 

Lack of Exophthalmometer Response. 


* 'The greatest response occurred in E.G. (see illustrative cases). 


R. J. Blahut, W. H. Beierwaltes and I. Lampe 


AUGUST, 1963 


Five patients (28 per cent) showed no sig- 
nificant decrease in exophthalmometer 
measurements during the course of roent- 
gen therapy. Two of these patients (C.H. 
and R.B.) experienced marked decrease in 
the chemosis and subjective complaints 
during irradiation. One of these patients 
had a 2 mm. decrease of exphthalmos O.U. 
2 months after therapy. If these 2 are con- 
sidered improved during radiation treat- 
ment, the good response rate becomes 17 
out of 18, or 83 per cent. 

Three patients showed no objective evi- 
dence of improvement in eye signs during 
therapy. One of these (E.S.) felt subjec- 
tively much improved following irradiation 
and 1 month after the completion of therapy 
showed a 2 mm. decrease 1n exophthalmos 
in one eye and a 3 mm. decrease in the 
other. The second of these patients (L.M.) 
showed a 1.5 mm. and a 2.5 mm. decrease 
in the right and left eye respectively in a 
follow-up examination 5 months later. The 
third patient (N.F.) became worse during 
radiation therapv. 

Of 12 patients treated as inpatients, 4 
failed to show a significant response as 
measured by Hertel exophthalmometer. Of 
the remaining 6 treated as outpatients, one 
failed to show a significant decrease in eye 
measurements. 

Progression of | Exophthalmos during 
Roentgen Therapy. The condition of the 
eyes became initially worse in 2 of the pa- 
tients who eventually had a decrease in 
exophthalmos during the course of roentgen 
therapy. In these 2 cases (E.G. and E.S.) 
the worsening occurred acutely on the third 
and sixth days respectively, and consisted 
of increased lid edema, chemosis, subjective 
symptoms and in E.G., papilledema. Ces- 
sation of treatment for 2 to 3 days was 
accompanied by subsidence of the acute 
symptoms and treatment was completed. 
A third patient (N.F.) who became worse 
during radiation therapy had steroids with- 
drawn just prior to irradiation because she 
became Cushingoid and had experienced 
no improvement in her exophthalmos. Off 
steroids she developed photophobia, in- 
creased tearing, and blurring of vision al- 
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though exophthalmometer measurements 
did not increase. During roetgen therapy, 
there was no acute progression of eve signs, 
but at the end of irradiation the Hertel 
exophthalmometer readings had increased 
from 20 mm. to 21 mm. O.D. and from 20 
mm. to 20.5 mm. O.S. 

Papilledema during Roentgen Therapy. 
Two patients had papilledema (E.G. and 
L.S.) prior to initiation of irradiation; one 
with concomitant visual field defects. The 
papilledema disappered during irradiation 
in one patient. In the other it was un- 
changed, but subsequently showed slight 
improvement. Both patients experienced a 
bilateral decrease 1 ท exophthalmos of 2 
mm. or more during therapy. 

Recrudescence of Exophthalmos after Ther- 
apy. Four of the 13 patients (31 per cent) 
who obtained a 2 mm. or greater response in 
exophthalmometer measurements during 
therapy showed an increase in exophthal- 
mos to pretreatment levels within 6 months 
after treatment. 

Correlation of Duration of Exophthalmos 
and Response during Therapy. Eight pa- 
tients treated had exophthalmos for 6 
months or less. All of these patients re- 
sponded favorably. Five patients had eye 
signs for 6 to 12 months; of these 3 re- 
sponded. Five patients had exophthalmos 
for more than 1 year; only 2 of these 
responded. In the last 2 mentioned cases, 
although exophthalmos had been present 
for 1 year or more, it had been actively 
progressive for no more than 6 months prior 
to irradiation. 


ILLUSTRATIVE CASES 


Response with Irradiation As Only Form of 
Treatment. K.O., a £3 year old white male, was 
entirely well until one month prior to his initial 
visit to the University of Michigan Medical 
Center. At this time he experienced rapidly 
progressive blurring of vision, burning sensa- 
tion in the right eye and swelling of the eye and 
lid. One week later, his left eye became simi- 
larly affected. His eyes continued to become 
worse under treatment with decadron and 
diuril by his referring physician. 

Figure 14 shows the striking bulbar chemosis 
and dilatation of scleral vessels observed on his 
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Fic. 1. (4) K.O., August 16, 1960: Appearance of 
eyes prior to irradiation. Note marked chemosis. 
Exophthalmometer measurements were 25 mm. 
O.U. (B) September 3, 1960: Appearance of eyes at 
end of irradiation. Chemosis was reduced. Ex- 
ophthalmometer measurements were 21 mm. 
O.U. (C) October 27, 1960: Chemosis no longer 
present. Eyes measure 20 mm. O.U. 


initial examination on August 16, 1960. Hertel 
exophthalmometer measurements were 25 mm. 
for both eyes. No symptoms or signs of thyroid 
dysfunction were evident by medical history, 
physical examination, or laboratory tests. The 
24 hour I?! uptake was 24.6 per cent with a 
value of 4 per cent on retesting after the admin- 
istration of 300 ug. of triiodothyronine per day 
for 5 days (87 per cent suppression). The initial 
serum protein bound iodine value was 6.1 ug. 
per cent. No therapy except irradiation to 
bitemporal ports as described above was given 
from August 24, 1960 to September 3, 1960. The 
eye measurements decreased during this inter- 
val from 2$ mm. OU; to. 25 mm. O.D. and 
23.5 mm. O.S. at the end of the first 7 days of 
treatment, and to 21 mm. O.U. by the end of 
the 13 day course of therapy (Fig. 1B). Chemo- 
sis was definitely reduced at 7 days and mark- 
edly reduced at 13 days. After the completion of 
the course of irradiation, the patient was started 
on desiccated thyroid in dosage of 3 grains per 
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Fic. 2. (4) E.G., April ro, roór: Appearance of 
eyes after 3 days of roentgen therapy and 4 days of 
no treatment. Note chemosis, striking lid retrac- 
tion and scleral injection. Exophthalmometer 
measurements were still over 32 mm. O.U. (B) 
April 20, 1961: Chemosis, injection and lid retrac- 
tion are all reduced Exophthalmos appeared to be 
diminished and the eyes measured 31 mm. O.D. 
and 30 mm. O.S. 


day. The exophthalmometer measurements 
were 20 mm. O.U. on October 27, 1960 and 
chemosis was absent (Fig. 1C). Some blurring of 
vision persisted. The measurements in April, 
1961 were 18 mm. O.U. and he was asympto- 
matic. He was still well in July, 1961. 


Response of Rapidly Progressive Papilledema. 
E. G. was a 61 year old white woman who had 
had a thyroidectomy in 1926 for hyperthyroid- 
Ism associated with exophthalmos, predominant 
in the left eye. She was fitted for glasses in 
November of 1960 for diplopia. She was hos- 
pitalized in January, 1961, because of edema 
and inflammation of the eyes associated with 
exophthalmos. Her basal metabolic rate was 
— I2 per cent and she was started on 3 grains a 
day of desiccated thyroid. She was referred to 
the University of Michigan Medical Center on 
April 3, 1961 because her eyes were becoming 
rapidly worse. Marked lid swelling and chemosis 
were the predominant signs. The eyes were 
scarcely movable in any direction. Severe 
papilledema was present bilaterally without 
visual field defects. The ophthalmologist stated 
that the eyes measured considerably over 
32 mm. which he considered the upper limit of 
accurate measurement. Roentgen therapy was 
started on April 3, 1961. On the third day of 
therapy, it was observed that the patient had 
experienced increased lid swelling, chemosis and 
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papilledema and had developed visual field 
defects. When radiation therapy was withheld 
for 3 days, her symptoms and signs abated to 
less than pretreatment levels by the fourth day 
(Fig. 24) and irradiation was continued. 

Chemosis and lid swelling decreased mark- 
edly by the completion of therapy on April 20, 
1961 as shown in Figure 25, and the papill- 
edema and visual field defect had disappeared. 
The exophthalmometer measurements had de- 
creased to 31 mm. O.D. and 30 mm. O.S. She 
was discharged and returned in August, 1961, 
with no chemosis and a full range of eye motion. 
Some lid swelling persisted. Her measurements 
were 29 mm. O.D. and 28 mm. O.S. The 3 
grains of desiccated thyroid per day were con- 
tinued through our period of observation and 
no other treatment was given. 


DISCUSSION 


Selection of Patients. Roentgen therapy 
for thyroid exophthalmos obviously is not 
uniformly accompanied by a decrease in 
exophthalmos. We believe that the de- 
crease in exophthalmometer measurements 
in 72 per cent of patients during the 2 
week course of roentgen therapy, when no 
other therapeutic measures were added to 
the regimen in all but one (P.F.) of these 
patients, strongly suggests that the roent- 
gen therapy is responsible for the improve- 
ment observed in some patients with ex- 
ophthalmos. In recent years other investi- 
gators!913,14,15,19.20 have reported in the 
European literature in support of this form 
of therapy for progressive exophthalmos. 
Their results, like ours, are in the main 
encouraging, but no one claims uniformly 
good results in treating this disease with 
ionizing radiations. It is possible that better 
selection of patients might result in a higher 
incidence of good results. In a previous 
publication, we suggested that patients 
should be chosen for this form of therapy 
who had thyroid disease or secondary eye 
disease for a period of less than 1 year. We 
now believe that the duration of the dis- 
ease at the time of roentgen therapy is not 
as important as the activity of the exoph- 
thalmos at the time of treatment. In the 
present series, patients with the most 
acutely progressive exophthalmos usually 
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OFFICE RADIOBIOLOGY AND THE TEST OF 
DIVIDED-DOSE IRRADIATION 


By PAUL W. SCANLON, M.D., Section of Therapeutic Radiology 


MAYO CLINIC AND MAYO FOUNDATION, ROCHESTER, MINNESOTA 


"p purpose of this report is threefold: 
(1) to describe a radiobiologic test svs- 
tem that has been found to be one of the 
very few that are simple enough and quan- 
titatively accurate enough for office use bv 
the clinical radiotherapist; (2) to report the 
results of radiation-inhibition studies using 
this system with time-dose variables appro- 
priate to the author's interest in divided- 
dose or split-dose radiotherapy; and (3) to 
demonstrate the feasibility of using this 
system in testing the relative biologic 
effectiveness of the various qualities of 
radiation emploved in clinical radiotherapy. 


LEMNA MINOR (DUCKWEED) AND ITS USE 
AS A TEST AGENT 


Several vears ago, 1 ท an effort to find a 
radiobiologic test svstem simple and com- 
pact enough for a practicing radiotherapist 
to employ on a limited but useful scale, a 
series of radiation-inhibition studies was 
started using Lemna minor, more com- 
monly called “duckweed” by aquarists; 
this is a small aquatic surface-floating plant 
used as a decorative surface cover bv tropi- 
cal-fish enthusiasts (Fig. 1). This plant, 
found extensively throughout the country 
floating on the top of stagnant waters and 
ponds or washed onto the shores of slow- 
moving bodies of water, propagates vegeta- 
tively at terrific speeds. In a sunny humid 
environment it will completelv cover the 
surface of the water. The prolific reproduc- 
tive rate of this plant seemed to make it 
ideal for study of the inhibitory effect of 
radiation, and its small size and ease of 
manipulation readily facilitate the handling 
of large numbers of individual living svs- 
tems so necessary for an adequate radiobio- 
logic test system. Granted that vegetative 
test systems do not have the specificity of 
mammalian tissue-culture techniques such 
as the Puck-Marcus technique, they never- 
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Fic. 1. Lemna minor, or duckweed, covering the 
surface of an aquarium. 


theless have been used extensively for ra- 
diobiologic testing in the past and do repre- 
sent a degree of organizational complexity 
in regard to reproduction that probably is 
unmatched by that of single cells and hence 
do respond differently to irradiation than do 
single cells. Furthermore, since these plants 
are all surface floaters and hence at the 
same isodose level under irradiation, the 
problem of dose homogeneity is consider- 
ably simplified, a problem of considerable 
magnitude in most other test systems. 

The individual plant leaf is light green, 2 
to 3 mm. long, and egg or oval-shaped, with 
a single root system from 4 to 8 mm. long. 
The plants can be found in clusters of 2, 3 or 
4 before division (Fig. 2). The dimensions 
given apply to the plant size after many 
generations of aquarium growth. In its wild 
state the plant leaf may double or treble 
this size, and the root structure may reach a 
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Fic. 2. Close-up of floating duckweed plants. 


length of 2.5 cm. or more. The plants, in mv 
experience, do not grow successfullv, and 
often do not even survive, in any medium 
other than water from a balanced aquar- 
ium, well aerated and with manv different 
species of tropical fish and aquarium plants. 
lap water, plain and dechlorinated, dis- 
tilled water, or water artificially fertilized 
with commercial plant food did not provide 
the nutrients necessary for sustained 
growth of these plants. Snails raised con- 
currently in the aquarium were found of 
great help in curtailing the growth of hair 
algae and the subsequent befouling of the 
floating plants. 

Prior to irradiation, the plants in groups 
of 10 double plants (20 single) were trans- 
ferred by means of the curve of a dissecting 
hook or with a needle point to ordinary 
glass specimen jars 8 cm. high and 4.5 cm. 
in diameter, which were filled to within 1 
cm. of the top with the same aquarium 
water the plants had been grown in. Evi- 
dently the plants become keenly acclimated 
to the water they are grown in, as substitu- 
tion of water from another aquarium was 
found to retard growth and proliferation of 
the plants appreciablv. It was also found 
advantageous to add 8 drops of Cuprisol 
(Bamboo Aquatic Salon, Decatur, Georgia) 
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to a gallon of aquarium test water to retard 
the growth of surface-floating hair algae 
which, in the course of a 24 to 30 day ob- 
servation period, considerably betoul the 
surface of the water, ensnaring the growing 
plants and making subsequent counting 
most difficult. 

To rule out the possible effect of irradia- 
tion on environmental factors, preliminary 
studies were carried out with unirradiated 
plants grown in heavily irradiated aquar- 
ium water. As expected, no discernible 
effect on the growth rate of these plants was 
apparent. 

After irradiation, without further dis- 
turbance of the plants, the jars are capped 
with transparent Saran wrap held in place 
with ordinary rubber bands slipped over 
the lip of the specimen jar. Unless capped 
with some sort of transparent protective 
covering, surface evaporation of the water 
causes migration of the plants to the sides of 
the jar to which they adhere and dry out as 
the water level drops. Also it is thought that 
the Saran-wrap covering provides a humid 
atmosphere or hothouse effect which aids 
growth and proliferation of the plants. 

The jars with the irradiated and those 
with the control plants are then placed 
under twin 40 watt fluorescent tubes sus- 
pended 6 inches (15 cm.) from the surface 
of the water. (Figure 3 shows the metal 
hood with the fluorescent tubes; the hood 
has been tipped back for demonstration 
purposes.) Light-meter measurements of 
incident light have shown that the distribu- 
tion of light is uniform except of course, as 
expected, toward the edges of the metal 
hood. The light from the fluorescent bulbs 
is controlled by means of an automatic 
timer, 12 hours of light exposure being al- 
ternated with r2 hours of darkness. This 
period of exposure is purely arbitrary, and 
It Is quite possible that a longer exposure 
per day would result in a more prolific 
growth rate. Subsequent irradiation 15 
carried out quite simply by removing the 
Saran-wrap covering and exposing the 
plants in the jar without further disturbing 
them. The plants are then left without fur- 
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ther manipulation or care and undisturbed 
for 25 to 30 days, after which they are 
counted and their growth rate assessed. 
The plants are easily counted with two 
Veeder counters or single-motion finger 
tabulators. The counter in one hand is used 
to tabulate the mature, adult forms of the 
plants (those having reached the size of the 
original large plants), and the counter in 
the other hand is used to tabulate the 
smaller or younger forms of the plants 
which have not reached maturity and those 
retarded by radiation (indistinguishable 
from the young forms). For purposes of 
easy comparison and to simplify the final 
numbers obtained, the young, immature 
or retarded forms were arbitrarily consid- 
ered on a basis of 4 to 1 in respect to the 
adult forms, that is, the number of imma- 
ture plants was divided by 4 and the result 
added to the net total of the adult forms. 
This single numerical final value as a meas- 
ure of a wide range of growth rates from the 
very young or very retarded forms to the 
"almost mature" plant form is of course 
open to considerable question as to the ac- 
curacy of the method employed. It was 
found, however, that differentiation among 
the various stages of plant growth was liter- 
ally impossible and quite meaningless owing 
to the element of subjective interpretation. 
On the other hand, tabulation of both 
adult and immature forms so complicated 
the final results that comparison between 
the various levels tested was exceptionally 
difficult. It was felt, therefore, that the use 
of this single final value was justified for the 
sake of more understandable comparisons. 
Each Jar was counted twice and unless the 
counts agreed very closely (within 2 of each 
other), a third and deciding count was 
taken. Plant counting is easy and accurate 
enough so that disagreement on the final 
tabulation was quite uncommon. 


TIME-DOSE VARIABLES TESTED 


In spite of the overwhelming acceptance 
of Coutard's equal increment, continuouslv 
fractionated method in modern radio- 
therapy, many years’ experience with the 
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Fic. 5. Hood with fluorescent tubes tipped back 
to show lighting details. 


intensive short-term repetitive therapv, 
formerly called the ervthema-dose tech- 
nique, more recent experience with more 
than 400 patients treated with split-dose or 
periodic radiotherapy,? and a resurgence of 
interest, both in the radiobiologic and 
clinical fields in recent literature, in the in- 
creased biologic effectiveness of shorter- 
term heavier-increment radiation have con- 
vinced the author that there are means of 
delivering a given dose of radiation that are 
as effective as, or even more effective than, 
those currentlv being employed. 

Hence a study was undertaken to deter- 
mine, by means of the Lemna minor tech- 
nique, the degree of radiation inhibition 
with a divided-dose method which was be- 
lieved to represent the large middle ground 
in radiation response between the short 
term intensive radiotherapy favored in the 
earlier part of the century, represented by 
groups I, 2 and 3 in Table t, and the evenly 
divided, continuously fractionated therapy 
which has become accepted practice since 
the mid 1930's, represented by group 4 
(Table 1). The time-dose variables tested 
between these two extremes were intended 
to determine the effect of equal and unequal 
divided-dose fractions, particularly the 
effect of large initial-increment dosage and 
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the effect of varying time intervals and re- 
covery rate between these dose fractions. 
Groups 5 through 7 encompassed two 
single-increment doses, halves of a specific 
dose level, separated by a single rest period 
of varving duration, the longest of which 
would bring the total treatment time to a 
level approximating the total treatment 
time of the evenly divided fractionated 
series. Groups 8 through 10 encompassed 
three equal single-increment doses, thirds 
of a specific dose level, separated by two 
rest periods of varying length; groups 11 
through 13, three unequal single-increment 
doses, with a large initial increment, sepa- 
rated by comparable rest intervals as in 
groups 8 through 10; group 14, four equal 
single-increment doses, quarters of a spe- 
cific dose level, separated by three equal 
rest intervals; and groups 15 and 16, trac- 
tionated equal-increment daily treatment 
with a rest interval interposed at the half- 
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way mark, more representative of the 
clinical split-dose therapy the author cur- 
rentlv uses. 

Specific dose levels at 3,000, 4,000 5,000 
and 6,000 r were studied with 17 groups of 
40 plants each, or 680 plants for each 
pon TE level a e tests of the 
0 there Is an unavoidable 
difference between the control values for 
the various dose levels tested. Although 
every effort was made to keep factors con- 
stant throughout the many months these 
experiments were in progress, there were 
naturally many uncontrollable factors 
which militated against a completely uni- 
form growth rate of the plant from one 
month to the next. For instance, changes in 
water temperature and exposure to natural 
davlight were unavoidable with the chang- 
ing seasons, as was a natural slowing of the 
growth rate when the tanks or aquaria be- 
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GENERAL FORM OF TIME-DOSE VARIABLES 
Grout l'ime-Dose Variabl ! Key 
on cum EE ee a RR x 
1 | X. (single dose) | X=specific dose level 
2 เร ล ว | Divided dose on 2 consecutive days 
3 | 14X X4 | On 4 consecutive days 
E ? oe i 
4 | I/10X X10 _ On 10 consecutive days 
cp oen OO 0 ME ล 
ธุ | /2X-4-1/2X | Rest mterval between doses: 4 days 
6 | 1/2X-8-1/2X | 8 days 
7 จ ก ร ม เร เร | 12 days 
8 | 1/3X-4-1/3X-4-1/3X | Two rest intervals: 4 days each 
Ü | 1/3X-4-1/3X-8-1/3X. |o ist, 4 days; 2nd, 8 days 
10 | 1/9X-8-1/3X-8-1/3X 8 days each 
OS COR [eee M 
| | Decreasing increment 
T | 1/2X-4-1/3X-4-1/60X | Two rest intervals: 4 days each 
{2 | 1/2X-4-1/3X-8-1/6X | ist, 4 days; 2nd 8 days 
13 | 1/2X-8-1/5X-8-1/6X | 8 days each 
i4 1/4X-4-1/4X-4-1/ E | Three rest intervals of 4 days each 
| Protracted treatment, single rest interval: 
rg s 0 เ /1 ๐ % XS | 4 days 
16 | 1/10X &s5-8-1/10K X 5 8 davs 
17 | Control 


1 1 ื 11 เ 6 โ ็ ไ เ 1 E e 


* Forty plants for each group. 
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came overcrowded with the rapidly repro- 
ducing plants. 


METHOD OF ASSAYING THE 
RADIATION 


DEGREE OF 
INHIBITION 

Since comparison of absolute values be- 
tween the various dose levels was not possi- 
ble, the degree of radiation inhibition was 
thought to be best expressed as a ratio of 
the increase in number of irradiated plants 
over their pretreatment level to the increase 
in number of control unirradiated plants 
over the same pretreatment number. For 
instance, at the 3,000 r level, those plants 
receiving a single-increment dose of 3,000 r 
increased from a pretreatment total of 4o 
plants to a total of 60 plants after a growth 
period of 25 days, while the unirradiated 
control plants reached a total of 138 plants 
in the same time interval. This degree of 
radiation inhibition of plant growth was ex- 
pressed as a ratio, 20/98, or its equivalent, 
20 per cent, the control value being taken 
as 100 per cent, which represented no inhi- 
bition whatsoever. Thus, under this 
scheme, decreasing percentage values repre- 
sent increasing legs ees of inhibition, with 
100 per cent signifving no inhibition and o 
per cent signifving complete inhibition. 

Obviously this method of comparing one 
set of experiments with another can be only 
relative at best, and too much significance 
cannot be attached to differences of only a 
few percentage points. Probably differences 
of less than 10 per cent are not significant 
and may be due entirely to the quantitative 
limitations of the test method. 


RESULTS AND THEIR INTERPRETATION 


From Table i there can be seen a very 
satisfactory demonstration of the increas- 
ing inhibition of growth rate with increas- 
ing dosage, as might be expected, together 
with a decreasing inhibition of growth rate 
with fractionation of irradiation, again en- 
ip as 0 er, certain n points 


ment. 
Plateau Effect Noted With Single-Incre- 
ment Dosage. Comparison of the degree of 
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inhibition of single-increment dosage at the 
3,000, 4,000, 5,000 and 6,000 r levels shows 
that an apparent maximal effect is ob- 
tained beyond the 3,000 r increment, with 
little significant difference between the 
higher dose levels. This apparent plateau 
effect, noted only in groups 1 and 2, is 
probably best explained graphically with 
the log survival:dose curves reported by 
various Investigators for the surviving frac- 
tion of mammalian cells with reproductive 
integrity after irradiation. Plotted on semi- 
log graph paper, as these curves usually are, 
the exponential decline of the surviving 
fraction with increasing dose is seen as a 
straight line. However, when this same 
function is plotted on ordinary graph paper 
(Fig. 4), there is seen a precipitous decline 
for well-oxvgenated cells, less so for cells 
with relative anoxia, to the r,ooo r dose 
level, at which point the curve levels off ex- 
tremely rapidly. Further reduction, while 
still exponential, IS almost imperceptible in 


Dis IS an aa eit at p 
higher dose levels, the great bulk of the dis- 
cernible etfect is produced bv the first few 
thousand r, after which the vield is slim in- 
deed. It is conceivable that a greater degree 
of growth inhibition might be observed at 
the higher dose levels were it possible to fol- 
low the growth pattern of these irradiated 
plants for a longer time, but devitalization 
and destruction of the plants by saprophy- 
tic fungi are great enough at the end of 1 
month that longer observation is not mean- 
ingful. This plateau effect is not observed, 
however, in other than the massive-dose 
groups, groups 1 and 2. In general, with all 
other time-dose variables tested, whether 
the dose was delivered in 4 or 18 davs, a 
greater degree of growth inhibition and re- 
tardation proportionate to the size of the 
total dose delivered was seen 

Importance of the Initial Increment of 
Dosage. Perhaps the most interesting find- 
ing of the entire time-dose study was the 
importance of the size of the initial incre- 
ment of dosage. For any given dose level, 
the higher the initial increment the more 
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EFFECT OF RADIATION ON THE GROWTH OF LEMNA MINOR EXPRESSED AS A RATIO OF THE INCREASE IN 
NUMBER OF IRRADIATED PLANTS TO THE INCREASE IN NUMBER OF CONTROL PLANTS 


| | 3,000 r 4,000 Ff | §,000 r | 6,000 r 
Group | Time-Dose Variabl 2 oo = 
| Irradiated/control plants (© 
i 
| | i i 
1 | X. (single dose) | 20 | ๐ | E 3 
อ LS 1 E NONE one aw Ee d - ONES l 
2 1/2X Xa | 41 | 8 | 11 | 10 
3 1/4X X4 | g e | 15 | 14 
ร 5 200 = SS โน ++5111 ; x hinted 0 uti L 7 = BO PER WM AS » 
$ | 1/2X 41/23 | a | x | is 1j 1 ๐ 
6 | 1/2X-8-1/2X | o | æg | 22 ว 
7 | 1/2X- 121/23 | 65 | 39 | 33 10 
II | 1/2X- 4-1/3X-4-1/6K | 43 | 24 | 11 (i 
12 | 1/2X-4-1/3X-8-1/6X | 43 18 ! 15 E 
iEn | 1/2 X-8-1/3X- 8-1/6X | 63 | 26 | 26 | 7 
8 | 1/3&-4-1/3X-4-1/3X | 57 | 50 | 41 | 17 
9 | 1/3X-4-1/3X-8-1/3X | 57 | 47 | =u | 
10 |-373X-8-1/3 X817 3X | 7b | 63 | 33 | 28 
1790 =. พ 5 | ——Ü | 1 0 81 ล 5 ไข ส uence 5 
14 |1/4X-4-13/4X-4-1/4X-4-M/4X | 67 | 53 | 45 | 28 
- ef PROT เอา ก เจ 208 ฝ . i 8 NSS ECE TP oe te EE | P ches CEST NUM TRENDS 
4 | 1/10X X10 | 61 | S9 | 37 35 
15 ES 1/10X X §-4-1/10X X 5 | 6s | S3 | 41 31 
16 | 1/10X X §-8-1/ CRS 5 | 65 ! 47 | 67 38 
nad ane a ate cae ets ee a - ว " 
i | Control | oo (138) | oo (116) | 100 (94) 100 (98) 


* Values given are the ratio of the increase in number of irradiated plants te the increase in number of control (nonirradiated) plants, 
expressed as a percentage. 
T Actual count given in parentheses. 
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profound the growth retardation that en- 
sued. Comparison of groups 8 through 10 
and groups it through 13, in which the 
same total dose was given in the same 
length of time, shows that groups 11 
through 13, using the higher initial incre- 
ment, consistentlv manifested a signifi- 
cantly greater effect. This same finding 
holds through groups 4, 14, 15 and 16, in 
which the same dose given in comparable 
lengths of time produced less growth inhibi- 
tion with decreasing size of the initial incre- 
ment. 

While this concept seems eminently logi- 


cepted practice in modern radiotherapy, 
where the tendency is to start with a small 
initial increment and build up gradually, 
rather than the reverse which is undoubt- 
edly more biologically effective. 

Juul,’ as early as 1929, recognized the im- 
portance of the size of the initial increment 
of dosage and referred to it as the satura- 
tion method, as had Kingery and Pfahler 
before him. Table m, taken from his animal 
tumor work, shows that treatment given 
with a large initial increment followed by 
several smaller fractions of dose (experi- 
ment 3) was more than twice as effective In 
eradicating these animal tumors as essen- 
tially the same total dose given in smaller 
equal-dose fractions over a shorter time 
(experiment 2). Juul's conclusions, which 
are entirelv comparable with the results of 
radiation inhibition of duckweed reported 
herein, are as follows: the most effective 
of any method of administering radia- 
tion is the large single-increment method, 
intermediate in effectiveness 1s the divided- 
dose method with the larger initial incre- 
ment, and least effective biologically is the 
small equal-dose fractional method. 

Chamberlain and Young! in 1937, in an 
article entitled “Should the Method of 
Coutard Be Applied in All Cases of Cancer 
Treated by Roentgen Rays?” seemed very 
well aware of the alternative methods of 
both the massive individual.dose tech- 
niques and the intermediate intermittent 
short-term heavy-increment method re- 
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* From fuul.’ 
T 3 S-N is the equivalent of 1 HED (erythema dose). 


peated at monthly intervals, stating that 
certain malignancies were much more 
amenable to these two methods of treat- 
ment. 

More recently, Lajtha and co-workers,’ 
commenting on the rationalization of frac- 
tionation in radiotherapy, noted that with 
ล roentgen-ray response curve for a variety 
of normal and malignant cells, “the smaller 
the individual fraction doses, the less effi- 
cient the depopulation which results." This 
phenomenon, they explain, is due to the 
"multi-hit" nature of the dose-response 
curve, With a "single-hit" curve (which is 
not characteristic of mammalian cells), the 
ultimate degree of depopulation for a given 
total dose is the same whether large single 
or small multiple doses are used. If a “mul- 
ti-hit" curve applies (and this is character- 
istic of the mammalian cells studied), then 
the most efficient dose for killing tumor 
cells is the single dose; if fractionation 1s 
necessarv, the maximal dose possible should 
be given in each fraction (depending on 
normal tissue tolerance). The results of the 
present study of radiation inhibition would 
certainly tend to bear this out. 

Du Sault, in a recent study of the effect 
of the time factor on the dose-response 
curve for spontaneous mammary adeno- 
carcinoma in C3H mice, noted a definite 
superiority in the response of these mouse 


tumors to the use of fewer but larger dose 
increments. Also a smaller total dose to 
reach a given cure rate was found necessary 
with the use of the large-increment dose in 
contradistinction. to that required with 
smaller, more evenly divided doses. 

Also, Wilson® has recently stated that 
"It would seem desirable, in the treatment 
of radioresistant tumours, or bulky neo- 
plasms of any type, to de liver as great à 
dose as possib le in as few fractions as possi- 
ble." 

On a more clinical level, Cochran and co- 
workers? in 1959 and more recentlv Horri- 
gan and co-workers! have reported on their 
very encouraging results with massive-dose 

palliative radiotherapy, the former con- 
denn with delivery of tumor doses of 1,250 
to 2,500 r in 2 davs to inoperable breast 
cancer, the latter with deliverv of tumor 
doses of 800 to 1,250 r at weekly intervals 
up to a total of 1,600 r in 8 days (two treat- 
ments) to 4,000 ท in 22 days (four treat- 
ments). 

That such therapy 1s nothing new, how- 
ever, is apparent to anyone familiar with 
the older literature on radiation therapy. 
Seitz and Wintz in Germany in the 1920's 
were perhaps the earliest and leading pro- 
ponents of this type of therapy. A more 
moderate short-term intensive technique 
repeated at monthlv intervals has been em- 
ploved at the Mayo Clinic and many other 
institutions throughout this country for the 
past half century, albeit with much less fre- 
quency since the 1940's. It is the author's 
conviction that it remains an extremely 
effective and useful method of the radio- 
therapist when emploved in the proper cir- 
cumstances, 

Relationship of Time and Recovery to 
Radiation Inhibition. In practically all of 
the intermittent or broken-dose schemes 
tested in the present study, little if any 
difference was noted in the coe of radia- 
tion inhibition produced when only short 
periods of rest were allowed for recovery 
(groups ร and 6, 11 and 12, 8 and 9, and r$ 
and 16). It was niv with the e interposition 
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of longer จ of recovery (groups 7, 1o 
and r3) that, given the same initial incre- 
ment of ง some recovery and lessen- 
ing of growth inhibition became apparent 
with the longer rest intervals. The degree of 
recoverv, however, was not entirelv or even 
principally dependent on the time factor 
per se, Much less recoverv being noted at 
the higher dose levels. In those groups with 
the high initial dose increment (groups 4 
through 7 ; and 11 through 13), there was no 
apparent recovery with the longer rest in- 
tervals at the 6,000 ห level. As the total dose 
decreased, and concurrently the size of the 
initial increment became less, recovery be- 

came more readily apparent in most instan- 
ces, having a more direct relationship to 
the duration of the rest interval interposed. 

The clinical applications of this finding 
are quite tenuous and open to speculation. 
It would seem thatin the higher dose range, 
encountered in conventional radiotherapy, 
with the more profound suppression and 
retardation of growth and proliferation, the 
more subtle nuances between differ ent 
treatment and alterations of time- 
e minimized to a consider- 
able deo 0 in the lower dose 
range, that is, in moderate-dose palliative 
radiotherapy in the tumor-dose range of 
2,000 to 3,000 r, or with halves of a divided 
dose series such as the author? currently 
uses for split-dose curative radiotherapy 
wherein the initial suppression is not so 
profound, it does seem worthwhile to at- 
tempt to juggle the time-dose variables 
toward the side of increasing the initial in- 
crement and toward the side of fewer and 
heavier treatment increments. 

Continuous Even-Fraction Radiation the 
Least Eficient. The group 4 plan (the small 
uniformly fractionated dose plan) most 
comparable with conventional radiothera- 
peutic practice, was seen to be among the 
least efficient of the many plans tested. The 
group 15 and group 16 plans (a rest interval 
interposed between halves of a fractionated 
series), which is more typical of the split- 
dose clinical radiotherapy the author cur- 
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rently employs, seemed no more or no less 
effective than the group 4 plan with the 
single exception of the result in group 16 at 
the 5,000 r level, which may be regarded as 
a chance occurrence that is out of line with 
the uniformitv of results in the remaining 
groups. 

On the positive side of this observation, 
no support from this study ts given the as- 
sertion by the author, Sambrook’ and 
others of the increased biologic effective- 
ness of divided-dose therapy which was be- 
lieved to have been demonstrated on a 
clinical level. The reason is that with a sim- 
ple vegetative test system such as this we 
are dealing purely with direct cellular 
etfect and the recovery theretrom, whereas 
in clinical radiotherapy the all-important 
factors of host resistance, tumor-bed effect 
and possibly even annale defenses are 
responsible for much of the tumoricidal 
effect noted. If an increased effect in groups 
15 and 16 had been noted, with only direct 
cellular effects operative, we would have 
had to de-emphasize to a major degree the 
importance of these other secondary fac- 
tors. Such was not the case, however, and 
we are left with the if-not-proven at-least- 
not-disproven importance of contributing 
influences in clinical split-dose therapy such 
as tumor-bed effect and host resistance. 

On the negative side it may be said that 
the biologic effectiveness is not curtailed to 
any significant degree by the interposition 
of a rest interval between halves of a di- 
vided-dose program. Again no attempt is 
made to imply that because this is true in 
the response of aquatic plants to irradiation 
it follows that this must also be true in di- 
vided-dose clinical radiotherapy. But it 
would tend to support the conviction after 
experience. with several hundred cases 
in which split-dose radiotherapy was used 
that no ground is lost when therapy is in- 
terrupted at the appropriate time and that 
the goal of better patient tolerance and de- 
creased morbidity from irradiation is at- 
tainable without jeopardizing the biologic 
effectiveness of a given dose level. 
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STUDIES OF RELATIVE BIOLOGIC EFFEC- 
TIVENESS WITH LEMNA MINOR 


As a side study to the foregoing time- 
dose testing, the author became interested 
in whether this test system could be used as 
an index of relative biologic effectiveness of 
the various qualities of radiation employed 
therapeutically at this institution. Groups 
of 120 plants, which comprised three differ- 
ent experiments of 40 plants each, were ex- 
posed to dose levels of 2,000 or 3,000 r with 
(1) 100 kv.p. (half value layer of 1.0 mm. 


Al), (2) 250 kv p. (half value laver of 1.5 
mm. Cu), and (3) cobalt 6 ๐ teletherapy 


with (a) the plants floating freelv on the 


Table IV 
STUDIES OF RELATIVE BIOLOGIC EFFECTIVENESS IN 
THE 100 kv.p., 250 kv.p. AND COBALT 60 
TELETHERAPY RANGE 


pu alia QUIA M DINE x veces aici: oni een E 
Quality of | Fotal | Ratio 
Irradiation | Plants* | (œ) 

i 
Des level of Tide r 

100 kv.p | "4 | £3 

Rn ch IM im LA lcu c tee Ln Tu duni m LUE i ก 5 0 RS 

250 kv.p | 226 | 6c 


amurar om i ร แม M E DEED 


j 

Cobalt 6o | 
Plants covered with | 
| 


g mm. water | 238 "s 
8 5 ต ร on soe 
Plants uncovered | 262 | 88 
Control | 281 | 100 
qae level of dene r 
= แพ ร ร ร ก ร การ ร พา ท ร ร รา ร E 
QO kv.p | 142 | I. 
i P. | 4 | 4 
penus mE m 
250 kv.p. | 164 | 27 
| Neve A 
Cobalt 6o | | 
5 2 | | 
Plants covered with | | 
$ mm. water | 158 | 24 
Plants uncovered | 243 | "e 
Control | 281 | 100 
i l 


* Count made after a growth period of 27 days. Original num- 
ber of plants per group was 129. 

T Ratio of increase in number of irradiated plants to increase in 
number of control plants. 


Fi 
i 
s" Ay 


3000 r Co60 
Covered 
5 mm. H20 






3000 r Co60 
Uncovered 





Wx: 
Fic. 5. Surface-sparing effect of cobalt 6 ๐ tele- 
therapy. Growth inhibition produced with 3,000 r 
administered to free-floating plants is compared 
with that produced by the same dose administered 
to a similar group covered with 5 mm. of water. 


surface of the water so that a surface dose 
of approximately 30 to 40 per cent of the 
administered dose was delivered to the 
germinative elements of the plants, and (b) 
the plants covered with § mm. of water thus 
raising the surface dose to approximatelv 
100 per cent of the administered dose. 
Table 1v shows the results of these stud- 
les. From the degree of growth inhibition 
produced, there is little question of the 
greater biologic effectiveness of 100 kv.p. at 
both dose levels tested. The difference be- 
tween the 250 kv.p. treated plants and the 
cobalt 60 treated plants (covered with 5 
mm. water) is apparent onlv in the lower 
dose "partial-effect" level and is obliterated 
altogether in the higher dose “maximal- 
effect" level. Whether this simplv reflects 
the inabilitv of the test system to measure 
small quantitative differences or represents 
the same “‘ironing-out” effect noted in the 
higher dose range of the time-dose tests, 
only further testing can verify. It is en- 
tirely possible, however, that if subtle 


Paul W. 


Scanlon 


AvGUST, 1963 


differences do exist in the relative biologic 
effectiveness between orthovolt and super- 
voltage therapv, such differences may be 
completely masked in the high dose range 
where tissue suppression 1s most profound. 
This dose dependency of the end point stud- 
ied may also explain much of the confusion 
regarding the many different numerical 
values reported in the literature for the 
relative biologic effectiveness of various 
modalities of therapy. 

Finally, if this test system 1s put to no 
other use than that of a demonstration for 
teaching some of the radiobiologic funda- 
mentals, such as the surface-sparing effect 
of supervoltage irradiation, its reporting 
here will have been justified. In both Table 
1v and Figure 5 this surface-sparing effect 
is well seen. There are probably few sys- 
tems, short of actual demonstration on the 
skin of patients in whom the latitude for 
experimentation is obviously limited, where 
this effect can be shown so easily and suc- 
cinctly. The ability to quantitate the ob- 
served effect should prove to be a valuable 
investigative advantage. 


SUMMARY 


Radiation inhibition with Lemna minor, 
or duckweed, has proven to be the basis of a 
practical radiobiologic test svstem, a simple 
and quantitativelv accurate one, and one 
sufficiently facile and practicable for office 
use by the clinical radiotherapist. While the 
results of the time-dose testing reported 
here cannot be applied too literally to the 
clinical practice of radiotherapy, thev can, 
in conjunction with the reports of other in- 
vestigators, point the way for possible fu- 
ture modifications in the radiotherapeutic 
approach to cancer treatment. The conclu- 
sions reached are much the same as those 
reported bv other investigators, and they 
would seem to indicate a greater relative 
biologic effectiveness 1 ท the direction of 
fewer and heavier treatment increments. 

Divided or split-dose radiation, depend- 
ing on one's interpretation of the term, can 
be shown to have a biologic effectiveness 
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that is distinctly greater than or equal to 
that of evenly divided continuously frac- 
tionated radiation as assaved with this test 
system. When the dose is divided into fewer 
but heavier treatment increments, the de- 
gree of radiation inhibition produced is 
definitely greater with a given dose in the 
same period of time than that produced by 
the more conventional methods of adminis- 
tering radiotherapy. The conventional 
evenly divided smallincrement method, 
together with the author's split-dose regi- 
men of allowing a rest interval at the half- 
way point of an otherwise conventional 
fractionated series, was found to be the 
least effective in terms of growth inhibition 
and retardation of the many time-dose 
variables tested. This does not, however, 
refute the view of the author and others 
that split-dose radiotherapy is of increased 
effectiveness, since contributing secondary 
factors such as tumor-bed effect and host 
resistance obviously cannot be assayed 
with a simple vegetative test system and its 
response to irradiation. 

Further, the test svstem reported here 
can be shown to quantitatively reflect dif- 
ferences in relative biologic effectiveness 
among the various modalities or. qualities 
of radiation in clinical use. This together 
with the ability to demonstrate in graphic 
fashion radiotherapeutic fundamentals 
such as the surface-sparing effect of super- 
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voltage therapy should make it a helpful 
teaching and investigative method. 


Mavo Clinic 
Rochester, Minnesota 
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SPLIT-DOSE RADIOTHERAPY: 
FOLLOW-UP IN 50 CASES 


By PAUL W. SCANLON, 


MAYO CLINIC 


HE clinical experience with divided or 

split-dose radiotherapy extending over 
the past ¢ years, and encompassing more 
than 400 patients, has been so encouraging 
that the author now uses it as a standard 
method of radiotherapy in all but the ex- 
ceptional case. His enthusiasm for this de- 
parture from accepted time-dose principles 
developed principally because of a reduc- 
tion in radiation morbidity and an ap- 
parent increased margin of safety. This 
must be tempered by the realization that 
its effectiveness, regardless of how promis- 
ing the initial results of treatment appear, 
remains unproved in terms of standard 4 
vear survival rates. Recentlv, however, 
there has been a growing acceptance of 2 
and 3 vear control rates as a fairly reliable 
indicator of the ร vear control rates for 
malignant lesions in the head and neck. Re- 
currences of head and neck cancer are usu- 
allv apparent within 1 year after treat- 
ment, but rarelv after 2 vears. Because of 
this and because of the greater ease and ac- 
curacy of follow-up observation with acces- 
sible cancer such as that encountered in 
radiotherapy of the head and neck, the first 
so such cases in which divided dose therapy 
was emploved with more than a 2 vear fol- 
low-up as an early attempt at evaluating 
the effectiveness of this method of treat- 
ment are reported. 


METHODS 


In October, 1960, a preliminary report of 


25 cases of cancer of the head and neck 
treated with this technique was published.* 
The interested reader 1s ane to that ar- 
ticle for a more detailed explanation of the 
rationale behind split-dose radiotherapy, 
the actual techniques emploved, and the 
early results obtained. Of these initial 25 
cases, however, Io were cases of recurrences 
after either initial radical surgical extirpa- 
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tion or radical radiotherapy and are ex- 
cluded from the present studv. The 15 pa- 
tients from the earlier stud v not previously 
treated, with now more than a 4 vear fol- 
low-up, and a subsequent 35 patients 
0 prior to March, 1960, with more 
than a 2 vear follow-up, comprise this re- 
port. ไท T earlier report a small number of 
patients with malignant lesions of the 
parotid and antral regions was reviewed, 
but that type of case has been excluded 
from this review. Malignant tumors of the 
parotid created by radiotherapy are invari- 
ably recurrences after surgery and, as such, 
fall in the category of previously treated 
lesions. At this institution, malignant le- 
sions of the antral region are usually com- 
bined radiotherapeutic and surgical prob- 
lems, and the difficulty of evaluating the 
contribution of radiotherapy in such ล com- 
bined procedure is obvious. Therefore, with 
the of the first 1 5 cases, this re- 


don cavity, pn nasopharynx, oropharynx 
and hvpoj phary nx, and larvnx. The group is 
unselected except for the exclusion of previ- 
ously treated cases with recurrent malig- 
nant lesions and the antral and parotid 
problems already mentioned. 

Table 1 summarizes the location and 
stage (author's classification) of the lesion 
in these first £o cases of head and neck can- 
cer treated by split-dose therapy. Twenty- 
five of the patients had involvement in the 
prognostically unfavorable triad of base of 
the tongue, tonsil and nasopharynx. Of the 
entire series, 6 (12 per cent) were Stage I 
lesions, or ht might be called prognosti- 
cally favorable cases for radiotherapy. 

Table 11 summarizes the type of cancer 
encountered in these cases and is thought to 
be fairly representative of cancer of the 
head and neck encountered in the average 
radiotherapy department. Squamous cell 


o 


Tasrk I 


LOCATION AND STAGE OF 
MALIGNANT LESIONS 





Location | Total =m : 
| | 1 j| H |; Hl 
- 830 METRE IUE To mo a ml 
Tonsil | 12 | | 3 | 9 
Base of tongue | 7 | 1 | | 6 
Larynx | s | @ | d a: 
Nasopharynx | 6 | Ge ME EE. 
Antrum | 3 | | | 3 
E piglottis | 3 | 2 | P 3 
Palate | 2 | | | 9 
Pharynx | 2 | |o | 
False cord | E ut w d | 1 
Buccal mucosa | 1 | | 1 | 
Floor of mouth | 1: | | ย dd 
Gingiva | 1 | | 1 1 
Parotid gland | 1 | | 1 
Nose | 1 | | 1 | 
Pyriform sinus ; | | “จ 
Total | 5 ๐ | bc dex | 31 
i f ; 


จ (((((((( น "จ ขั ้ ต จ ต จ จ จ ร จ จ จ จ จ 5 จ ง ง ห ง ห ง ง หุ ห ง ห ง ห ง น ง ง งง ง ง ว วณ ว า ง ว ง ว ง ว ง ว งา ง า ว ง ว งา วา พ ฟา น 


carcinoma made up 68 per cent of the cases, 
and lymphoepithelioma, 10 per cent, with a 
smaller percentage of lymphoma, reticulum 
cell sarcoma, undifferentiated carcinoma 
and adenocarcinoma. 

Classification of these cases has been 
carried out by two methods: the T-N-M 





svstem,! and the author's simpler จ stage 
svstem reported in an earlier article.” Table 
ur summarizes the T-N-M method used in 


this report. The N classification refers only 
to palpable metastatic lymph nodes found 
at the time of initial examination. 

Table 19 summarizes the author's classi- 
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TREATED MALIGNANT LESIONS OF THE HEAD 
AND NECK 


ด ้ ้ ง ้ ้ ้ ้ ้ ขั ณั ย ฯ จ จ จ ั ณ์ ณั ณ ย ย์ ต ต ณ ต ต้ ต็ ล ล ล พ แล แลน แพ ขน น คน แ แน แข น พ ร แต แค 





i i 
| No iP er Cent 
Squamous cell epithelioma | 24 | 68 
Lympho-epithelioma | 5 wo 
Lymphoma E | 6 
Reticulum cell sarcoma | 2 | 4 
Unditferentiated carcinoma, | | 
Grade 4 | 4 | 8 
Adenocarcinoma | 2 | 


ล อ อ อ อ อ และ ร พ ระ ระ ร ง ตา ห วา ร ลน ร ย 





Tague HI 


STAGE OF TREATED MALIGNANT LESIONS OF 
THE HEAD AND NECK 





ก T N. M Sys stem* 
- 09 พ MET = 
เต ด ง ณา ร | N3 i Total 
! HM EN 2 ee eee 
fries = ane | | | | H 
Pe | WS x E X 3e d 9 | 3 
res H i H 1 - 
r2 | 9 2 | 2 | $ | 18 
T3 | 2 |] 3 | © | 2 | 8 
T 4 | 8$ |. ๐ | ! | 5 | 11 
อ dae eet SE CHEN MEET "UT. l a eere | 0 
Total | 23 | 6 | 7 | TH | 50 


* Primary—T 1, «3 cm, in size; T 2, 3 to 5 cm. in size with 
minimal extension onto adjacent soft parts; T 3, >§ cm, in size 
with moderate extension onto adjacent soft parts; T 4, massive 
involvement with or without invasion of bone, Afetastatic-—N o, 


no metastatic lymphadenopathy, N 1, single, small to moderate- 


sized lymph node ( «2 cm. in damen: N 2, large movable 
F ร 


lymph node or multiple unilateral lymph nodes (>2 cm); N 3, 
fixed large iymph node or bilateral lymph เศ 
( 52cm.); M, distant metastasis when first seen, 


fication. While less informative over-all 
than the T-N-M method, it is easier to use 
and more e adaptable toa small series such as 
this in that it avoids dilution into an un- 
wieldlv number of subgroups. The correla- 
tion between the two staging systems 1s 
good; Stages 1 and 11 in my classification 
comprise 38 per cent of the total and Stage 
iu, 62 per cent of the total, whereas early 
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MODIFIED CLASSIFICATION OF TREATED MALIGNANT 


LESIONS OF THE HEAD AND NECK 


[ | 
| | | 38 PE 
I | 31 | 62 13 | 87 
| | | | 
Total | 59 | Lowe 
i i as 
T n M (From Tape HD 





Farly CE c | 16 | 32 
Late (T 3, 4; B $3. , 3) | 34 | 68 
* Stage 1: Smaller than 2.6 cm. and confined to the site of 


origin. Stage i: Larger than 2.5 cm. with extension into neighbor- 
ing soft parts. Stage i11: Extension to regional lymph nodes, bone 
or nerve invasion, or distant dissemination, 
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TABLE V 
FOUR YEAR FOLLOW-UP IN IT§ CASES 
| rom 
- | Per 
| Cases | p, 
| | Cent 
ee pense a 
Local control | | 
ว mo. after treatment | ys. nm 387 
. ดู | 
Up to 4 vr. after treatment or at | | 
time of death from distant | | 
spread or unrelated cause | uic wm 
Living at ‘Mowe -up | 
f I 
Lesion apparently controlled (t 
patient required further irradi- | | 
tion) | 6 | 
Local lesion. controlled; distant | | 
metastasis | 
ji aps | | - | - 
ota / | sb 
Dead at time of follow-up | | 
i i 
Causes other than cancer, death | | 
at 3+ yr. after treatment L deg 
Presumably of cancer, but local | | 
control at time of death | 8 | 
Uncontrolled lesion in treatment | | 
——— —————nn ๐088 pese 
l'otal 8 | $3 





stages using the T-N-M system (T 1 and 2; 
N 0) comprise 32 per cent and late stages 
T 3 and 4; N 1,2, and 3), 68 per cent of the 
total. 

The technique of split-dose therapy has 
been standardized and now consists usuallv 
of an initial 12 davs of treatment at the rate 
of 200 to 250 r to the tumor per day follow- 
ing which treatment is interrupted for 3 
weeks. 

After the rest interval, the patient re- 
turns for the second halt of the treatment, 
usually a little longer than the initial series 
(approximately 14 to 16 davs) when the 
dose is carried to a total of 5,200 to 6,400 r 
depending on the tvpe of tumor, size of the 
treatment fields, and so forth. 


RESULTS 


Statistical Considerations. Ot the £o pa- 
tients, 15 have now been followed for 4 or 
more years. These 15 have been the subject 
of an earlier report? and thev are segregated 
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from the total of so now only because the 
longer follow-up will perhaps be more 
meaningful in terms of effectiveness of 
treatment. Table v summarizes the results 
in these earlier 15 cases. Of these predomi- 
nantlv advanced lesions, 1 ท 87 per cent 
there was complete local control of both 
primary and metastatic disease at the time 
of the first recheck examination, usuallv 3 
months after completion of therapy. In 73 
per cent there was complete control of all 
disease in the treatment fields up to 4 vears 
after therapy, or at the time of the patient's 
death either from unrelated causes or dis- 
tant spread of the malignant disease. Six of 
the 15 patients were alive and apparently 
free of malignant lesions 4 or more years 
after therapy ,and one was alive and free of 
disease within the treated area, but with 
distant metastasis under control from re- 
peated irradiation more than 4 vears after 
treatment. Thus 47 per cent of this group 
were living more than 4 vears after treat- 
ment. One patient had died from unrelated 
causes more than 3 vears after therapy, 3 
had died from distant dissemination but 
with local control within the treatment 
fields, and 4 (27 per cent) had uncontrolled 
malignant disease, either primary or sec- 
ondary, within the treatment fields at the 
time of death. 

Details of the treatment techniques em- 
ploved in these first previously untreated 15 
cases have been published.? Table vr sum- 
marizes the results obtained and Table vri 
gives the pertinent details of the subse- 
quent cases. In 30 (86 per cent) of these 35 
cases, there was complete local control of 
both primary and secondarv disease within 
the treatment fields at the time of their first 
recheck examination at the Mavo Clinic, 
usually 3 months following completion of 
treatment. 

In 26 patients (84 per cent) complete 
local control was achieved for a period of 2 
or more vears subsequent to treatment. 
This percentage was calculated on the basis 


of 31 as a total, since 4 patients were 
ineligible, 2 having died in less than 2 
vears of distant spread, 1 in less than 2 
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Tase VI 
TWO TO 4 YEAR FOLLOW-UP IN 35$ CASES 
RCM MEE MES ME i M MEE å 

| Cases | Per Cent | Comment 
2 = กระ เร ร ร ร ร ร ร ร พ รา พา นา ร ว I 5 1 2 ั 7 ไฝ ส ท ้ ส ล = 
Local control of treatment area 3 mo. | 30 | 86 | 4 failures, 1 early death 
after treatment | | | 
Aet rta E aig a LR oe HAP e err Tarn ea n m PANTO A Ua RL aeo AIRE eie Mri A rir tt Rf Ma AREA tari che m MA fy Ca SEPTA RA I ta ra eM 2 NS ๒ 0 0 0 ้ 0 i 1 3 35 15 re f แล น อ น อ อ อ อ อา อ อ ก 1 ้ ่ ้ 3 5 5 1 d 
= $ , E * * 
2 or more yr. after treatment | 26 | 84* | 2 deaths of distant metastasis «2 yr. 
Li ie N 
| 1 death «2 yr. free of cancer 
| | 1 early death 
ส 5 ๐ ๐ 555 0 
At follow-up or death | 29 | 83 | 2 lost to follow-up 
| | 
| | | 3 local recurrences 
[ 1 
| | | i early death 
exact 7 mi Dt Ln EG ระ Reads Ll bo ot Ss 
Living, 2 to 4 yr. after treatment | | | 
Lesion apparently controlled | 23 | 66 | (3 needed additional surgery; 
i | | I needed more irradiation) 
E E | 
- p efi tO EAA, —— - 1 ื 1 DN SE te EE "S 
* - H 
Lesion locally controlled, but distant | 2 | $ | 
metastasis | | | 
Total 2s | "1 | 
m ๕ ๕ ๕ - Má— 
Dead | | 
Other causes, free of cancer | 2 1 died of irradiation myelitis; 
| | 1 drowned 
ii A AT EIEEE e Mero mr ย 55++ ห 11+++ RE 
Presumably of cancer; lesion locally | 2 | 
controlled | | 
eg pee ee 99 1 | EE E 5 ๐ 0 sie | 
Definite local recurrences within 2 vr. | 3 | 
ก ทา ล กา ท ศพ ศศ ร ร พ ล อ EXE TENE | 
| : 
Immediate post-treatment death | 1 
Lost to follow-up, presumably dead of | 2 | 


cancer 


* Based on 31 cases, corrected for 4 ineligible cases. 


vears from unrelated causes, and 1 with an 
immediate post-treatment death from a 
"heart attack." It was impossible to ascer- 
tain the degree of control in these 4 cases. 
Of the total of 35, however, in 29 (83 per 
cent) there was complete local control of 
the malignant lesion within the treatment 
fields either at the time of death or at the 
end of the follow-up period of 2 or more 
years. 

Twenty-three patients (66 per cent) had 
no evidence of malignant disease at the 
time of follow-up, 2 to 4 vears after treat- 
ment. Of this total, however, 3 patients 
subsequently needed further surgical meas- 


ures to effect complete and total eradication 
of their malignancy, and 1 needed addi- 
tional radiation therapy. Two other pa. 
tients with complete local control in the 2 
to 4 vear follow-up period had disseminated 
metastatic disease apparently under control 
with additional radiotherapy at the time of 
this report. Thus, 25 patients (71 per cent) 
were alive from 2 to 4 vears after split-dose 
therapy. 

Table vin summarizes the results for the 
entire group of 50 patients. [n 43 patients 
(86 per cent) complete local control at the 
time of the first recheck examination was 
achieved, usually 3 months after comple- 
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RESULTS OF PERIODIC RADIOTHERAPY: 2 TO 4 YEAR FOLLOW-UP IN 53 5 CASES 


| Re- 


sulti 








Age | Stage* and T-N-M¥ Lesion, | Treatment, Periodic or | Follow- 
and Sex Location | Staging | Grade | Split-Dose; Surgery | up (yr.) 
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OR M LH, epiglottis - 1965 |13——13-25,550r TD-Fpre- | 2+ | 1 
| | N22 | | liminary radical neck dissection | | 
i i i | d | 

72 4 | | SCE, 3 | fae ig =h isor TD CDS q^ 4 
| | | | | 
| | | | | 
^ 4 i Uk ภา ย ซา | จ i i 

6; M | i SCE, 2 | Radium, 11,000 r L- Su d. 3 
| | | : | | 
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า | ; l 
| | | E | | 
| m WEN bl | 20 os | | 

6; F | HI, tonsil | [ ว , | Lympho- | 12--12= 5.400 r TD | omol 4 
| | Net epithelioma | | | 

- 1 | - EET. POR ++1++5 580 | ME 71 ร้ 1+1+ ั ็ ็ ็ ็ ็ ็ 0 j ene | eu aC 

i : i ; 1 
| tay. 0 A | 

79 M | Į, larynx | Pie ๐ 9 2 |gpo——14—6,8:0 r TD | 000 | 1 
| | No | ป ป 
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(6 cases). 

$ Lesion not locally controlled 3 months after treatment, 


to 
DES 
wr 


Vor. 90, No. 2 Split-Dose Radiology 


Taste VII (Continued) 









Stage* and (I-N-MT| Lesion, | Treatment, Periodic or Follow- 


t 
; * j 1 " | . x : EN FRED n i 
and Sex Location | Staging | Grade ' Split-Dose; Surgery | up (yr.) |sulti 


H H 
Se fe me et Fm 3 0 d ERR Í(—A—^ D— we 


à 
4 


12-19 = 6,650 r TD+pre- 

| liminary laryngectomy: residual 

! | | disease after operation 
i } 


แพ แอ อ น อ ก 3 3 13 3 30 3 1 1 1 1111 ็ 11 ั 7111.11166 ิ 7 ้ “5+* น 1 ั ้ 1 ใ 1 โ 0 


IH, larynx 


๓ 2 
+ 
ofa 
5t 
un 
e 
nm 
๒ 
t3 


t2 
Vx 
pamat 


^ 


t2 
deer 
Gaa 
i 
ox 
> 3 
_ 
ม $ 
v 
eund 
eee 
ต ต ี ่ 
to 
"al 








—— mo | | 
[oer i renee แอ ก ล ลา er | ล อ 3 ้ 3 ้ 3 ้ ท้ ื ้ ้ ไ ไ น ้ ว ว้ 7 ้ ้ A A cere i 1 ( (———— REC 
| | | | 
| : | WM 0 m 1 | 

74 M | I, epiglottis | I | Pl 16=6,320 r TD | 24 1 
| ป | | 
ees ti RUPTURE = CC ear T) ——————s - A. =a 
85 M | Il, upper gingiva | 2 | cupis = 12=5,910r TD | Died imme- 6 
| | | diately after! 
| | | treatment | 
8 F | H, larynx | Pa, | Undifferen- | 10—— 156,450 r TD HE Bak = 
| | No | tiated carci- | | 
| , | noma, 4 | | | 
| [ | 1 i 
ง 5 ซ ฮ ย 0 =- cu - 0 จ 0 ค —— JI 
71 F | HI, base of tongue, T 3, | Reticulum | 12—— 122 5,400 r TD | 24 | d 
| | Nr | cell sarcoma | | | 
i i i » 





¥ p 
เ 


| SCE, 3 Tg 14= 5,900 r TD+pre- 
liminary tonsillectomy 


| | ME | 
E | | | 
| | 


EEG 


เ 2 ด ด | า า น น ค ณะ ั กั 1 1161111 ไ 1 ็ ็ ปิ ้ 1 111111113+311++1111111 1 สื 111+1111311151+3 115.1+05@@ 


2 12=3,500 r TD-4-incom- 
plete therapy 


10 , I6 bee | 
ว ก —14774,700 r rp | 


12-5 14 2 6,6:0 r TD | ce 


ม ภา ย 
wy 
n 
Mein 
Loma! 
deeem 
pond 
t 
mt 
m 
V 
ow 
ps 
LG 
ball 
bits, | Hn pen] > ete 
a 
4 
ut 
Un th 
C) C 
tT] m 
Er d b 
+ We 
Swed 


| 

i 

ป | 

' | ป 

| | 

i 

i I 





wt È 


H : 
1 fp ไห Í E: — pn 5 oor TD 


ว 

2 
a 

k 





Paul W. Scanlon 


AUGUST, 1953 


Taste VIL (Continued) 


— P: EE 





f ne ei AN | 
Age | Stage* and |i T-N-Mt| — Lesion, Treatment, Periodic or Follow- | Re- 
and Sex, Location | Staging | Grade Split-Dose; Surgery up (vr) | ร น ไร 
i ! fu 
pel See ๓ ๓ ด - “0 0 WS 
| | | | | 
i 2 ณะ | 4 19 ma We 
70 M | HI, palate | I 35.) Undieren- jr 10——13-7 6,700 r TD | No fol- 6 
| | N3 | tiated carci- | | low-up | 
| | | noma, 4 | | | 
| | | | 
5200060 ฝ 0 ว 0 ฏ ฎ ฎ 0 ๐ 500๕ ๐ 1 ——— n | -- ้ 6 ้ 6 ้ 5 ง 5555110 ๐ 5000 เล 11 0 ; IPI ร อ ดวง เสน ต์ ค อ ร น ร ค นะ น ร ร ณะ ia 
"wu MEM | os | | 
67 M H, tonsil | Ta, | Lymphoma | 13——-1027 5,150 r TD | due 2 
[i ป ป 
35+++ 1+5 7 ฝ ็ ็ ื ส โซ โฮ โ ้ ฝ I 3 35. “2 - บ cia ES 
| | | 
a : - Mm | i4 2 
5; M | HI, baseoftongue | Tr, | SCE S | 13——122—6,300 r TD-F pre- 24- 2 
| | N 5 | | liminary radical neck dissection | | 
ee ร TA L pcc rc a ha Re - F 
, | | | | | | 
m ! 9 NE m | | 
49 M | HI, tonsil |o Ta, | Lympho- | a TD | 3+ | 1 
| | N3 | epithelioma | | | 
; | : i - 0 - 5 เน 
ป + ฉ ท ก จ ร ++500 ิ 1 a a * LL E EAE ล i 


us = 14=6.0 ๐ 0 ๐ 0 r TD ป 


| | | 
ก E ad 
1 Ex - ais -5 " : T: 
54 M | H, larynx | Pas ร | 12——16-—6,350 r TD 24- 1 
i MT | 
| a. | 


| HI, false cord, 
| epiglottis 


Marone ev A ar e E 





6,$sor TD 


Iq P ENIM STE 


714 


J 4 Bia AOS fy Mu UN 7 


eam 


| advanced | | 
| 
| cancer 3 | | 
E N tence to od OT cla 3 ร 1 ร 1 ธง 1 ธ 1 ฏ 11 +++ ฝ 1 EN 
| ล A es $a ศร ชา P^ / ก ฐา ชู" | 
ss M | ITI, tonsil | Iu | SCE, 3 12——13-—6,325 r TD+pre- a+ | I 
| | Nir | | liminary surgical excision of | 
| ' | 
| | | | lymph node | 
sbi i em met mm A ———— M i ————— o aas | - 0 ๐ อ อ น ้ ไ โ ้ M P 0 ๐ อ eme se eee Tue a eaim rp amener È pet —Á—H n i reunion Fore ez UN, 
- ~ NEN 
"E M , ! -- e. - " "Mp * i 
25 M | HI, nasopharynx | Ti, | Reticulum 12—~-12= 5,000 r TD | 2.5 | I 
| N2 | cell sarcoma า | 
| | | m ed nee E - 8 = 
- 1 —— — ร 0 = 1 ง 1 - net 
29 M | HI, nasopharynx | | t4——--12= 5,000 r TD - Sd X g 
i | 1 1 
| | | | 


tion of therapy. Of the 46 patients who 
were available for follow-up, in 37 (80 per 
cent) there was complete control of pri- 
mary and secondary disease within the 
treatment field for 2 or more vears after 
split-dose therapy. In 40 patients (80 per 
cent) complete local control was obtained 


to the end of the follow-up period, or at the 
time of death from either distant spread of 
the disease or unrelated causes. 
Twenty-nine patients (58 per cent) were 
living 2 to 4 vears after therapy free of 
malignancy, with an additional 3 with local 
contro. but distant dissemination, giving a 
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* Based on 46 eligible cases only. 


total of 32 patients (64 per cent) living 2 to 
4 years after treatment. Of the total of £o, 3 
patients had died from unrelated causes but 
were free of cancer at the time of death; g 
had died presumably of cancer but with 
local control at the time of death; 7 had 
died with definite local recurrence within 
the previous fields of treatment; 1 died im- 
mediatelv after treatment (within the first 
week after cessation of treatment); and 2 
other patients lost to follow-up were pre- 
sumed dead from the malignant disease. 

In this series of 5o cases, there were 27 
cases with metastatic cervical lymph nodes 
at the time of initial examination. Twenty- 
one (78 per cent) of these 27 were consid- 
ered treatment successes in that there were 
no recurrences within the original treat- 


ment fields. In 6 of these 21 cases, however, 
there was some question as to whether or 
not treatment results could be ascribed en- 
tirely to the split-dose radiation therapy 
administered. In 1 case of a malignant 
lesion of the nasopharynx, an involved 
upper cervical metastatic lymph node had 
been removed for biopsy. It is doubtful, 
however, whether eradication of the meta- 
static disease in this patient could be as- 
cribed merely to the removal of this lymph 
node. In another patient an additional 
small metastatic lymph node had developed 
in the field 4 years after treatment, and this 
was apparentlv controlled with additional 
split-dose therapy. Four patients had 
undergone radical block dissection prior to 
irradiation. If these 4 are removed from 





Fic. 1. Squamous cell epithelioma. (a) Before treat- 
ment. (6) Three weeks after treatment with 
3,100 f. 


consideration, there remain 17 of 23 Stage 
IH cases (74 per cent) which were controlled 
with radiation. 

Secondary Considerations. After adminis- 
tration of the first 2,400 to 3,000 r to the 
tumor, the ensuing radiomucositis in the 
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average patient lasts 5 to 7 days, and 1s ap- 
preciably less severe than that following 
tumor doses in the 5,000 to 6,000 r range. 
The degree of tumor regression, particu- 
larly in the exophytic, nonulcerating types 
of malignancy, is pronounced during the 3 
week rest interval, after less than half the 
prescribed total amount of treatment. 

Even with tumors of the endophytic, ul- 
cerating, and infiltrating types, the major 
portion of the observable tumor regression 
and healing takes place in this interval of 
rest before completion of treatment. 

Unlike conventional treatment, in which 
the second half of therapy is attended by 
much radiation morbidity, the patient 
treated by split-dose therapy is relatively 
comfortable in his second half of treat- 
ment, or at least until the last few days, 
when radiomucositis again becomes a prob- 
lem. The total effect in terms of patient 
discomfort, however, is far less than that 
observed with conventional methods, as is 
the duration of radiation morbidity follow- 
ing completion of therapy. Figures 1, a and 
b and 2, a and 7 demonstrate the rather 
marked regression of the tumor which takes 
place in the interval between the halves ot a 
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Squamous cell epithelioma. (a) Before treatment. (4) Three weeks after treatment with 2,800 r. 
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Fic. 3. Bronchogenic carcinoma with superior vena cava obstruction. (a) Before treatment. 
(ด One month after treatment with 2,325 r. 


divided dose series; tumor responses in 
most cases were complete and vet were ac- 
companied bv onlv brief periods of mild 
discomfort. These are not unusual responses 
for patients receiving split-dose therapy. 

ligure 24 shows a large, low-grade squa- 
mous cell epithelioma of the left naris with 
inflammation. Because this patient resided 
more than 1,000 miles from the clinic, con- 
ventional continuous therapy was chosen. 
Halt-way through this treatment, after an 
air dose of 2,800 r, the enlarged bulbous ala 
turned a necrotic-appearing black color and 
it was feared that the entire left side of the 
nose would be sloughed. In spite of the dis- 
tances involved, the treatment was sus- 
pended and the patient was sent home for 3 
weeks. Figure 22 shows the complete heal- 
ing which occurred in 3 weeks' rest, after 
which therapy was continued to a total of 
4,900 r (air). 

Death occurring in the first few months 
after completion of radiotherapy is usually 
ascribed to the malignant tumor which was 
treated but it may be that the stress of 
vigorous radiotherapy impaired the al- 
ready sorelv taxed bodily reserves. In this 
series of 50 cases, there was only 1 immedi- 


ate post-treatment death, that of an 85 
year old patient who died of a “heart at- 
tack" within the first week following com- 
pletion of therapv. In addition to a relative 
freedom from immediate post-treatment 
complications, there has also been a grati- 
fying lack of late complications. One pa- 
tient died of radiation mvelitis in slightly 
less than 2 years with apparently complete 
control of his malignant disease. In a third 
case, less than 4 vears following split-dose 
therapy of a malignant lesion of the parot- 
id, the patient returned with behavioral 
changes, aphasia, mental depression, oc- 
casional incoherence, paranoid ideation, 
and impairment of intellectual function. 
Electroencephalograms revealed the pres- 
ence of an acutely destructive cortical 
lesion affecting the left temporo-occipital 
region. À preoperative carotid angiogram 
had revealed a large mass deep in the left 
temporal region, which at operation was de- 
scribed as an avascular firm tumor of the 
left temporal lobe with widening and hard- 
ening of the temporal gyri. The patholo- 
gist, however, was unable to confirm the 
surgical impression of neoplasm, reporting 
only reactive, degenerating brain tissue. 
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While neither the chronology nor the 
morphology of the abnormalities noted is 
particularly characteristic of postirradia- 
tion vascular phenomenon, for the sake of 
argument, this case has been classified as a 
radiation complication. Over-all, however, 
definitely fewer radiation sequelae, both 
immediate and late, occurred than might 
be expected with conventional therapy. 
There is also the advantage of being able 
to reduce large treatment volumes where 
one is concerned about the radiosensitivity 
of underlying normal structures such as the 
lung or kidneys. Figures 3, a and and 4, a 
and 2 show the reduction that occurred in 
the rest interval between halves of a di- 
vided dose series 1 ท 2 cases of bronchogenic 
carcinoma after tumor doses of 2,325 and 
2,500 r, respectively. Figures 5, a and 4 and 
6, a and 7 show similar reductions in 2 cases 
of Hodgkin’s disease midway through treat- 
ment after doses of approximately 1,200 r 
and r,350 r. In all 4 cases a clear reduction 
in the size of the primary lesion occurred in 
the rest interval between halves of a divided 
dose series, and 1 ท each case a significant 
reduction in the size of the treatment fields 
was possible, therebv reducing the risk of 
pneumonitis or fibrosis or both. 
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Similar advantages accrue in the treat- 
ment of large masses in the upper regions of 
the abdomen where inclusion of both kid- 
nevs in the treatment fields raises the pos- 
sibility of radiation nephritis. For malig- 
nant lesions in the head and neck, and, toa 
degree, lesions in the pelvic region, it is the 
geographic distribution of regional lymph 
nodes rather than the initial size of the le- 
sion which determines the size of the treat- 
ment field. In these instances reduction in 
field size is seldom advantageous. 


COMMENT 


In addition to the less traumatic course 
offered the average patient with this type 
of treatment, split-dose techniques may 
offer a margin of safety unmatched by other 
methods of radiotherapy. The incidence of 
radiation morbidity may be higher than is 
presently realized. The more obvious radia- 
tion complications are such well-established 
entities that there is seldom any doubt as to 
their cause or origin. Less well-established 
and more difficult of definition are the more 
subtle aftereffects of high dose curative 
irradiation: the gradual decline in general 
vigor and sense of well-being, the worsen- 
ing of pre-existing medical complications, 





Fic. 4. Bronchogenic carcinoma, small cell type. (a) Before treatment. 
(b) Three weeks after treatment with 2,500 r. 
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Fic. 5. Hodgkin's disease. (a) Before treatment. (7) Two weeks after treatment with 1,200 r. 


particularly cardiac, pulmonary and vascu- 

lar derangements, acceleration of the nor- 
mal vicissitudes of the elderlv, and in some 
cases even an apparent weakening of the 
will to live. There is little question that in 
most cases, and particularly in the elderlv, 
high dose curative and palliative radio- 
therapy 1s a tremendously debilitating pro- 
cedure, and any method by which the rigors 
and stress of such therapy can be reduced 
without concomitantly impairing the bio- 
logic effectiveness of the radiation is deserv- 
ing of consideration. 

Another aspect of the increased safety 
factor of split-dose therapy is the avoidance 
of too rapid breakdown of tumor tissue 
which occurs with conventional methods. 
This is particularly true with large, epi- 
dermal squamous cell carcinomas in which 
too rapid and unpredictable breakdown can 
result in loss of tissue continuity, and a 
subsequent undesirable cosmetic appear- 
ance. It is truealso with large, semifluctuant 
metastatic masses in the neck, in which too 
rapid breakdown and liquefaction necrosis 
produce ulceration through the skin with 
persistent drainage, and all its attendant 
discomforts, for the duration of the pa- 


tient's life. Once this epidermal breakdown 
and subsequent bacterial contamination 
occur, the chances of effective restraint of 
growth with irradiation are almost nil. If 
this can be avoided, the holding effect of 
irradiation can be materially enhanced, and 
in a few cases long-term arrest actuallv can 
be achieved. This same philosophy is true 
in the management of large semicvstic 
masses in the abdomen, usually malignant 
ovarian or uterine masses, when the need 
for caution is urgent. 

In addition to the added safetv factor, 
split-dose therapy enables the therapist to 
emplov larger treatment fields than he 
would ordinarily use with conventional 
therapy, thus reducing the incidence of geo- 
graphic miss. This 15 particularly relevant 
to the high-grade, undifferentiable malig- 
nant lesions of the nasopharynx, oro- 
pharynx, and hypopharynx, between the 
anterior faucial pillars, and the larynx, 
where the attendant incidence of regional 
lymph node involvement is 60 to go per 
cent. This technique of treatment allows 
routine coverage of the entire cervical chain 
from the base of the skull to the clavicles. 

Recurrence of a malignant lesion within 
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Fic. 6. Hodgkin's disease. (a) Before treatment. (4) Three weeks after treatment with 1,350 r. 


the treatment fields after adequate dosage 
is unavoidable, but geographic miss 1s usu- 
ally attributed to the inadequacy of the 
radiotherapist. Reduction in the incidence 
of geographic miss has been one of the more 
gratifving aspects of the author's change to 
split-dose therapy in recent years, and may 
be in no small part responsible for the 1 ท า - 
proved salvage rates obtained. 

In the same vein as the increased safety 
factor, split-dose therapy offers a valuable 
means of selecting patients. [n many cases, 
the uncertainty of metastatic spread may 
make one wary of committing the patient 
to full treatment, and the rest interval of 3 
to 4 weeks between the series of treatments 
affords the therapist valuable time in which 
to assess the effectiveness of the initial 
therapy and also to appreciate the futility 
of additional irradiation should the patient 
take a turn for the worse, or should other 
metastatic disease become manifest. Such 
examples are the case of apparently local- 
ized bronchogenic carcinoma with midab- 
dominal or low back pain, the case of malig- 
nant lesions of the bladder with a border- 
line blood urea value and perhaps a non- 
functioning kidney on one side and a hydro- 
nephrotic kidney on the other side, or the 


apparently unicentric bone metastasis with 
vague skeletal pain elsewhere. There are 
many instances in which a period of obser- 
vatiom before completion of treatment 
might have saved the patient from the 
rigors of intensive radiotherapy that, in the 
light of subsequent events, could not pos- 
sibly have been of benefit. Even more per- 
tinent is the problem of how to best handle 
the patient in need of intensive radio- 
therapy who also has or has had a severe 
cardiac problem, a post-coronary occlusion, 
severe pulmonary emphysema or asthma, a 
severe cerebral vascular accident, or for 
that matter any major life-endangering 
medical complication. Many times in the 
past few vears, recourse to the less trau- 
matic split-dose therapv 1 ท the face of such 
problems has meant the difference between 
an attempt at radiotherapy and rejection of 
the patient as an unsuitable candidate. 
Whatever the mechanisms involved, the 
rest interval employed between halves of a 
divided-dose series has proved an increas- 
ingly more useful addition to the radio- 
therapeutic armamentarium. It is the au- 
thor's personal conviction that the method 
is productive of better results than could be 
achieved with conventional methods. While 
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proof of this with a small series and a short 
follow-up is not conclusive, it is hoped that 
the results presented herein will offer ade- 
quate assurance that split-dose therapy 1s 
no less effective than conventional meas- 
ures and that biologic effectiveness is not 
compromised but rather enhanced. 

Mayo Clinic 

Rochester, Minnesota 
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MPROVEMENT of radiation therapy 
tec hniques frequently depends on our 
ability to improve the therapeutic ratio. 
The classic definition of this ratio has been 
the ratio of the sensitivitv of the tumor to 
that of the associated normal tissues. À 
difference in the sensitivitv of these two 
categorles of tissues 1s, Of course, funda- 
mental 1 ท the ei of radiation 
therapy. While many types of important 
tissues may be closely associated with an 
irradiated tumor, we believe that the vas- 
culoconnective tissue in which the tumor is 
inmeshed is of the utmost importance in 
regulating tumor response. Yet an evalua- 
tion of radiation response of these tissues 
has been most difficult. It was with the 
hope of establishing a yardstick for the 
measurement of radiation-induced vasculo- 
connective change that this study on small 
blood vessels was initiated. 

Most studies on the morphology of ir- 
radiated blood vessels have been carried out 
on the skin and have confirmed an initial 
phase of small vessel dilatation. This 
vasodilatation may be seen a few hours 
after irradiation and may increase for 
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several davs immediately following a single 
high dose of radiations. Maximal dilatation 
of cutaneous vessels is thought to occur 8 to 
12 days postirradiation. Several weeks 
postirradiation these small vessels are seen 
to return to their normal size. Vessels in 
radiosensitive tissues such as the skin are 
seen to dilate more than those in relatively 
radioresistant tissues such as muscle. In 
lung, a tissue of intermediate sensitivitv, 
we could detect no early functional vessel 
change.’ Blood flow through irradiated tis- 
sues such as the skin has generally been 
considered increased during this early 
phase. The mechanisms of these early 
small vessel changes are not clear. However, 
their importance in the radiocurability of 
cancer has recently been stressed particu- 
larly by those workers interested in the 
increased radiosensitivity of tissues at 
higher oxygen tensions. In a composite tis- 
sue such as the hind limb used in this ex- 
periment, it is impossible to predict the pre- 
dominant direction or magnitude of the 
radiation-induced small vessel change. 
Recently perfected techniques of Haddy 
and his associates??? have provided us 


Motor-driven syringe 





Press. Recorder" 
5-< a. ur Q. 


Fic. r. Diagram of apparatus for obtaining constant flow rate in femoral artery, for infusing drugs and for 
measuring pump pressures. The catheter on the intake side of the pump was inserted into the proximal end 
of pos rora n ne pos ter "n M n artery was om into the distal segment. "Sigmamotor 


* From the Department of Radiology, Northwestern University School of Medicine, and Veterans Administration Research Hos- 
pital, and the Department of Therapeutic Radiology, Chicago Wesley Memorial Hospital, Chicago, Tlinois. 
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with the means of measuring, directly, cer- 

tain functional changes of small blood ves- 
sels. This is an account of our experience 
using these techniques. In this study the 
responses of hind leg blood vessels of the 
rabbit to various doses of acetylcholine, 
norepinephrine, and histamine were meas- 
ured at intervals after a single high dose of 
radiations. The unirradiated hind leg was 
used as a control. 


METHODS 


With the rabbit under nembutal anes- 
thesia, one hind leg was given 3,000 r (skin), 
single dose, in 61 minutes (220 kv.p; target 
skin distance so cm.; filter 0.5 mm. Cu and 
1 mm. Al; half value layer 0.9 mm. Cu). 
Planned randomization was carried out 
both as to hind leg irradiated (right or left) 
and as to leg studied first (irradi ated or con- 
trol). Animals were divided into 3 groups 
for as mu 3 gr oup per 0 0 pi 24 


0 [ p ee eed nr En 
animal was again anesthetized with nem- 
butal. Both femoral and both carotid ar- 
teries were exposed with minimal trauma. 
The animal was then heparinized, and small 
thin wall polyethylene 0 s were fixed 
in place as shown in Figure 1. Svstemic 
blood pressure was ie recorded 
using the remaining carotid artery. Pump 
speed was adjusted so that the femoral ar- 
tery pressure approximated systemic ar- 
tery pressure. Flow rate of the pump was 
held constant at this value throughout the 
remainder of the experiment on that ani- 
mal. 

With the blood flow constant, femoral 
artery pressure changes resulting from drug 
infusion (acetylcholine, 25 gamma/ml.; 
norepinephrine, 2 gamma/ml.; and hista- 
mine, 4 gamma/ml.) were attributed pri- 
marily to arteriolar dilatation or constric- 
tion. Differences between the response in 
the irradiated and unirradiated hind legs 
were attributed to radiation effect. Con- 
centration of each drug was such that 
the addition of drug infused produced no 
change in systemic pressure. Five rates of 
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Fic. 2. mmHg femoral artery pressure plotted 


against rate of acetylcholine infusion 24 hours 
after a single dose of 3,000 r. Initial pressure in the 
irradiated leg is higher than that of the normal leg 
and the vasodilatation is less marked for a given 
rate of drug infusion. Eight determinations for 
each point piotted. 


drug infusion were used, each for 1 min- 
ute. Femoral artery pressure, after 1 minute 
of drug infusion, was plotted against rate 
of drug administration per minute (Fig. 
2-10). Eight determinations were made for 
everv point plotted. 


RESULTS: 24 HOURS AFTER 3 
4 2 


SINGLE DOSE 


1 อ อ 9 T 


When flow rates were equal in the irradi- 
ated and nonirradiated legs, femoral artery 
pressure was always significantly greater in 
the irradiated leg. In addition, acetylcho: 
line produced slightly less response (less 

m latation) in the irradiated than in the 
nonirradiated leg (Fig. 2). Similarly, before 
norepinephrine was infused, femoral artery 
pressure was higher in the irradiated leg. 
However, a given amount of norepinephrine 
produced no less vasoconstriction in the ir- 
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mmHg femoral artery pressure plotted 
against rate of norepinephrine infusion 24 hours 
after a single dose of 3,000 r. Initial pressure in the 
irradiated leg 1s greater than that in the normal leg. 
However, response to norepinephrine is quite simi- 
lar in the two legs. Eight determinations for each 
point plotted. 
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Acetylcholine 


artery pressure plotted 
against rate of acetylcholine infusion 7 to 10 days 
after a single dose of 3,000 r. Initial femoral artery 
pressure in the irradiated leg is slightly less than 
that of the normal leg. Response to acetylcholine 
is almost identical in the two legs. Eight determina- 
tions for each point plotted. 





Fic. 4. mmHg femoral artery pressure plotted 


against rate of histamine infusion 24 hours after a 
single dose of 3,000 r. Initial femoral artery pres- 
sure elevated in the irradiated leg but response to 
histamine is almost identical in the two legs. Eight 
determinations for each point plotted. 
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Fic. 9. mmHg femoral artery pressure plotted 
against rate of norepinephrine infusion 4 to 6 weeks 
after 3,000 r. Initial pressure differences same as in 
Figure 8. Response to norepinephrine in the ir- 
radiated leg slightly decreased. Eight determina- 
tions for each point plotted. 


radiated leg than in the normal leg (Fig. 3). 
It should be recalled here that the 'abbit 
does not show an initial vasodi ท ศา with 
histamine like most other animals (Fig. 4). 
Systemic blood pressure remained constant 
during and immediately after drug infus- 
ion. 


RESULTS: 7 TO IO DAYS AFTER 3,000 r 


SINGLE DOSE 


In contrast to the differences noted 
above in femoral artery pressures at 24 
hours, the exact reverse was true at 7 to TO 
days; z.e., with constant flow, femoral ar- 
tery pressure in the nonirradiated leg was 
higher than in the irradiated leg, though 
the difference in pressure was very slight. 
Responses to each of the 3 drugs acetyl- 
choline, norepinephrine, and histamine 
were strikingly similar in the 2 legs (Fig. 


s, 6 and 7). 
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RESULTS: 4 TO Ó WEEKS AFTER 


SINGLE DOSE 


3,000 f 


The findings at this period were quite 
similar to those found after 24 hours. Re- 
sponse of the irradiated leg to acetylcholine 
was less than in the nonirradiated leg. The 
response to norepinephrine was perhaps 
slightly less in the irradiated leg. The re- 
sponse to mn was bs aad the 


DISCUSSION 


The limited data available from these 


experiments tend to confirm the undulat- 
ing or cyclic character of the radiation-in- 
duced vascular changes. Within 24 hours of 
a single massive dose of radiations, there 
was an increased pressure despite constant 
This is a reflection of narrowing of 
sels. Such vess 


flow. 


small vesse sels showed a de- 
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creased response to acetylcholine. The 
mechanism of this alteration is not eluci- 


dated bv this studv. One might speculate 
that local radiation-induced edema could 


account for the changes. This finding is 
surprising in view of the morphologic 
changes sometimes reported in vessels of 
irradiated skin. By 7 to 10 days the radia- 
tion-induced vessel narrowing disappeared, 
with the suggestion that there was now, in 
fact, a slight vasodilatation of the irradi- 
ated vessels. At this stage response to drugs 
ras near normal. At 4 to 6 weeks after irra- 
diation arterial pressure was again slightly 
greater in the irradiated leg, and response 
to acetylcholine again decreased. The late 
reparative changes which microscopically 
are characterized by fibrosis have started 
by 4 to 6 weeks. This seems the most likely 
explanation of vessel changes at this inter- 
val. It will be interesting to see if these 
changes, suggested at 4 to 6 weeks, increase 
during the subsequent months of progress- 
ing fibrosis. With this question in mind, 
these studies have been extended to include 
animals 3 and 6 months post irradiation. 
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CONCLUSION 


Radiation-induced functional changes in 
small blood vessels have been studied at 3 
intervals. The nature and magnitude of 
these changes have been discussed together 
with speculation concerning their causes. 


William T. Moss, M.D. 

Chicago Wesley Memorial Hospital 
250 East Superior Street 

Chicago 11, [hnois 
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I | A previous report from this labora- 
tory, it was shown that small doses of 
whole body radiation could enhance the 
oncolvtic effect of local irradiation on a 
variety of transplantable mouse tumors. It 
seemed from these results, as well as on the 
basis of earlier work by Hollcroft and Mat- 
thews* and by Edelmann e a/.* that this 
effect might be mediated through some cir- 
culating substance produced bv the whole 
body irradiation. This hypothesis was 
tested experimentally and it was found’? 
that the injection of plasma from animals 
which had previously received total body 
irradiation would increase the oncolytic 
effect of local radiation therapy. This report 
presents the results of a number of experi- 
ments which verify these findings and par- 
tially characterize the biologic and chemical 
nature of the circulating substance. 


METHODS 


The Ehrlich carcinoma and the C3HBA 
adenocarcinoma in their solid form were 
used in these experiments. The first of these 
tumors was obtained from Dr. William 
Prychodko of the Detroit Institute of Can- 
cer Research in 1947 and has been carried 
in this laboratory since that time. The 
adenocarcinoma was obtained from Dr. 
Morris Barrett of the National Cancer In- 
stitute and was carried in this laboratory 
until late 1959, at which time, during the 
course of the present experiments, the 
tumor displayed alterations of growth pat- 
tern and radiation response which was fol- 
lowed bv loss of the tumor. In the later ex- 


periments reported here, tumors obtained 
from subsequent passages of a second tumor 
supplied by Dr. Barrett were used. 

The basic experimental design was simi- 
lar in all experiments. The tumors were re- 
moved from carrier mice during the active 
growth phase and material showing mini- 
mal necrosis was finely minced. These frag- 
ments were implanted subcutaneously into 
the dorsolateral aspect of the lower thigh of 
the presumptive experimental animals, us- 
ing a modified No. 13 hvpodermic needle. 
The experimental groups were randomly 
formed when the tumors had attained a 
size of approximately 7 mm. in diameter, 
using arimals whose tumors most closely 
approximated the over-all mean size. Mice 
in which che tumors were of greater or lesser 
size were discarded. In all cases the animals 
were divided into experimental groups of 
approximately 20 animals each. 

ไท most cases, normal rats were exposed 
to 1,000 r of total body irradiation and 
killed n exsanguination at TO minutes, I 
hour, 1 day, 3 days, or 5 days after irradia- 
tion. In one experiment, as will be noted, a 
total bod» dose of 100 r was used, while in 
one other studv, tumor-bearing rame than 
normal rats were irradiated. The blood was 
collected in the cold and then centrifuged 
under refrigeration. In all instances the 
plasma was injected into the tail vein of 
the experimental mice immediately after 
the local radiation exposure of the tumor. 
Control groups of mice which were sham- 
irradiated but uninjected were used, 
well as groups which received tumor radia- 
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tion together with plasma from rats which 
had not been previously irradiated. In some 
experiments, a group which received tumor 
radiation but no plasma was used in addi- 
tion to those described. 

The mice were sacrificed 3 weeks after 
irradiation and the effects evaluated on 
the basis of the gross weight of the excised 
tumors. The tumors were measured with 
calipers at intervals between irradiation 
and sacrifice. The results were evaluated 
mainly on the basis of the average weight 
of the tumor in the various experimental 
groups. Also, various derived functions 
were obtained to enable us to compare the 
results obtained in different experiments. 

Radiation exposures were performed on 
a Keleket and a Picker superficial therapy 
unit alternately. In all cases the radiation 
was kept localized to the tumor bv ล com- 
bination of suitable shielding and collima- 
tion. The radiation factors in both cases 
were 120 kv., no added filtration, and a 
half value layer of 2.0 mm. aluminum. 
With the Keleket apparatus, a target skin 
distance of 16 cm. was emploved giving a 
dose rate of 750 r per minute. À target skin 
distance of 20 cm. was used with the Picker 
apparatus, resulting in a dose rate of zzor 
per minute. 


RESULTS AND COMMENTS 
VERIFICATION OF PREVIOUS RESULTS 

The results in our earlier experiments!’ 
were fairly marked although thev were not 
always statistically significant. In an at- 
tempt to achieve more pronounced dif- 
ferences, a number of additional experi- 
ments were performed using higher and 
lower radiation doses to the tumor. These 
further studies failed to demonstrate even 
as great a degree of enhancement as was 
seen in the original experiments. We, there- 
fore, repeated these studies with the same 
radiation doses to ascertain that our re- 
ported findings could be reproduced. 

The results of these additional experi- 
ments with the Ehrlich carcinoma are pre- 
sented in Table 1. As may be seen, all of 
the groups which received plasma from 
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irradiated rats showed a decrease in gross 
tumor weight as compared to the group of 
mice which had received plasma from un. 
irradiated rats. Although the size of the 
tumors was substantially reduced, the dif- 
ferences were not statistically significant 
because of the variability within groups. 

Since it was desirable to compare the 
present data with those obtained in the 
earlier experiments, the gross tumor weights 
were recalculated in terms of the weight 
relative to the control in each run of the 
experiment. The averages of the relative 
weights, as presented in the table, displav 
marked differences between the groups of 
animals receiving plasma from irradiated 
rats as compared to those which received 
plasma from unirradiated animals. The 
data from the previously reported experi- 
ments have also been treated similarlv and 
are presented in the last column of the 
table. It is to be noted that the results in 
all experiments are remarkably similar 
when calculated on this basis, although a 
small over-all quantitative difference is to 
be seen. It 1s of interest and importance 
that the groups which show the greatest 
amount of effect, z.e., 10 minutes, 1 day, 
5 davs, are thesame in all instances. 

The results of the various experiments 
with this tumor cannot be combined in 
terms of gross tumor weight or per cent of 
control because of intrinsic differences be- 
tween experiments. An additional parame- 
ter, enhancement factor, has been derived 
to afford a mechanism for pooling results 
across experiments. This factor was cal. 
culated for each experimental animal as: 


{©% of control size (non-irrad. plasma) | 
— [©% of control size (irrad. plasma) | 


The factor was determined as the average 
of the values obtained in each of the 60 runs 
performed with each plasma. Enhance- 
ment factor thus becomes a measure of the 
additional decrease in the size of the tumor 
remaining after treatment with plasma 
from  nonirradiated animals which is 
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THE EFFECT OF INJECTION OF PLASMA FROM RATS 
WHICH RECEIVED 1,000 r OF WHOLE BODY IRRADIA- 
TION ON THE WEIGHT OF THE EHRLICH CARCINOMA 
AT 3 WEEKS AFTER TUMOR IRRADIATION 


EES 


Tumor Weight 
{per cent of 

control) 

| Present | Earlier 

| Experi- | Experi- 

| ments | ments 


i 
| bs 
Ten t| Tumor 
reatmen | Weight 
| 
| 
| 
| 
| 
[ 


Group (gm.) 


Untreated 
Unirradiated 
plasma 
1o minute 
plasma | 
1 hour plasma | 1 
tday plasma sot, 
1 
1 


2 
A 
sm 

p3 
— 
"a 


* 


AID 
X 


3 day plasma 
ç day plasma 


pt po om oj oo 
* 


B d) bo ua 4x 


! Standard error. 
* Differs from NIP; P »0.9;. 


brought about by treatment with plasma 
from irradiated rats. It is expressed as a 
fraction of the tumor remaining after local 
radiation plus treatment with plasma from 
unirradiated animals. Complete cure of all 
of the tumors in an experimental group 
would give a value of r.o, the theoretic 
maximum, while an absence of effect would 
result in a value of zero. 


0.30 


Enhancement factor 


Q 
IO min. | hour | day 3 day 


Time interval - plasma withdrawai 


5 day 


Fic. 1. Enhancement factors noted following the 
injection of plasma obtained at various times after 
whole body irradiation, Ehrlich carcinoma; tumor 
dose—2,000 r. 
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The factors obtained over the various ex- 
tumor dose of 2,000 r are presented in 
Figure 1, which provides a basis for the 
over-all comparison of effect. As may be 
seen, there 1s a generalized increase in ef- 
fectiveness using plasma from irradiated 
animals. These differences become most 
pronounced, as before, when plasma ob- 
tained at 10 minutes, I dav, or 5 days after 
irradiation is injected. 

The results obtained in the experiments 
using the C3HBA adenocarcinoma, which 
was repeated using a tumor dose of 2,200 r, 
are shown in Table ir. Plasma obtained at 
IO minutes, 1 dav, or $ days after irradia- 
tion all produced substantial, although not 
statisticallv significant, depressions of the 
gross tumor weight as determined at 
sacrifice 3 weeks after local radiation as 
was seen with the Ehrlich tumor. The use 
of plasma obtained at 1 hour or 3 davs after 
irradiation of the donor animal did not 
produce a decrease in tumor weight. When 
the results are presented as the average 
per cent of control weight for each in- 
dividual run, much the same picture of ef- 
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fect is seen. As was noted in methods, dif- 
ferent sublines of the adenocarcinoma were 
used in our earlier experiments and in the 
present repeat experiments. Unfortunatelv, 
it was found that the results with the new 
subline of the tumor showed over-all quan- 
titative differences. However, when the re- 
sults from the earlier experiments were 
normalized to give the same values of per 
cent of control. weight for the animals re- 
ceiving unirradiated plasma, the individual 
relationships of the treatment gr oups be- 
come much the same. Enhancement factor 
has been calculated across the several ex- 
periments using this tumor and when com- 
bined produc ed results as presented in 
Figure 2. These differences are especially 
marked at 10 minutes and 1 dav and verge 
upon but do not quite reach a level of 
statistical significance. 


CHARACTERISTICS OF THE PHENOMENA 


As was indicated above, additional ex- 
periments at higher and lower tumor doses 
failed to show substantial differences be- 
tween the various experimental groups. 
Accordingly, experiments were performed 
in which the tumors were exposed to a 
graded series of radiation doses together 
with i injection of the various plasma group- 
ings. The results of the experiments with 
the Ehrlich carcinoma are presented in 
Figure 3 
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Fic. 2. Enhancement factors noted following the 
injection of plasma obtained at various times after 
whole body irradiation. C3HBA adenocarcinoma; 
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Fic. 3. Enhancement factor as a function of radia- 
tion dose for plasma obtained at various times after 
whole body irradiation. Ehrlich carcinoma; tumor 
dose--2,000 T. 


It may be seen from this figure in which 
enhancement factor is plotted as a function 
of radiation dose to the tumor, that the ef- 
fect of plasma 1 injection is by far the great- 
est at a tumor dose of 2,000 r. Although a 
small degree of enhancement was found at 
higher and lower doses, these were sporadic 
and followed no pattern in relation to 

radiation dose. At the dose of 2,000 r, how- 

ever, substantially greater value: of en- 
hancement are noted, ranging in some in- 
stances to 0.25 and 0.30. It is further to be 
noted that the greatest values of enhance- 
ment are seen with plasma obtained at 10 
minutes, 1 day, and § days, in accord with 
the findings reported above. 

A similar study on the dose dependency 
of the response was performed using the 
C3HBA adenocarcinoma over a range of 
tumor doses from 1,800 to 2,500 r. There 
was a slight trend toward results similar to 
those above, although for the most part no 
dose dependency was demonstrated. 

It should be noted that the total body 
dose to the donor rats (1,000 r) was ar- 
bitrarily selected as the maximum dose at 
which the animals would live for 5 days 
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THE EFFECT OF THE INIECTION OF PLASMA FROM RATS 

WHICH RECEIVED IOO r OF WHOLE BODY IRRADIATION 

ON THE WEIGHT OF THE EHRLICH CARCINOMA AT ว 
WEERS AFTER TUMOR IRRADIATION 
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‘Treatment | PELE usce. " 
Group | - | (per cent 

| Bm | of control) 
| 

Untreated | 50:53 TOU! | aoa 

Unirradiated plasma | [.b52Eoo36 | — 3949 

10 minute plasma | 1.68+0.29 | 18.9 

1 hour plasma | 1.25 $0.25 | 13.8 

1 day plasma | 2:63 อ ว | a Bee 

3 day plasma | 2620.52 4b 

5 day plasma | 1:900. 94 | 19.6 


1 Standard error. 


and which would lead to the greatest 
amount of whatever substances might be 
produced. On the other hand, our original 
experiments, in which whole body irradia- 
tion was used as an accompaniment to the 
local radiation, were done in the range of 
59 to 200 r. The question thus arose 
whether the use of larger doses of radiation 
might be masking the effect of some sub- 
stance produced in the lower dosage range. 
ed another mo 55 was per- 
a gumar dose of 2 4000 r. In this instance 
die quts home which the plasma was ob- 
tained were exposed to 100 r of total body 
radiation and the plasma collected as 
above. The results of this experiment are 
presented in Table 1. 

It may be seen that the injection of 
plasma from previously irradiated rats had 
no effect when compared to the effect of 
plasma from unirradiated animals. It is 
thus apparent that the substance or sub- 
stances produced following total irradia- 
tion are present ไท sufficiently low concen- 
tration especially at the 100 r level so that 
they are without effectiveness in enhancing 
the effect of local exposure of the tumor. 

Since the extent of the effect might thus 
be a function of the amount of material 
injected, it was thought that perhaps in- 
jection of a greater quantity of material 
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through concentrating the plasma might 
prove to be more efficacious. One hundred 
mice bearing the Ehrlich carcinoma were 
divided into § experimental groups for a 
preliminary experiment to determine the 
effects of lyophilization before evaluating 
concentrated plasma. One group received 
radiation to the tumor alone, while the 
other 4 groups received plasma. In 2 cases 
the plasma was obtained from unirradiated 
rats; in the other 2 cases from rats which 
were sacrificed 10 minutes after irradia- 
tion. In half of these animals the plasma 
was used fresh and the other half the 
plasma was lyophilized and reconstituted 
to its original volume. The average weight 
of the tumors at sacrifice 3 weeks after ir- 
radiation are presented i Table iv. Al- 
though there were pronounced differences 
between the various groups, as related to 
the time of exsanguination, it is notable 
that lyophilization had essentially no ef- 
fect on the efficacy of the plasma. Un- 
fortunately, this preliminary experiment 
was done only using plasma obtained from 
rats at 10 minutes after exposure. As will 
be seen below, it seems that lyophilization 
does not affect plasma collected at this 
time although it has a pronounced effect on 
the protein constituents of plasma ob- 
tained at § days post irradiation. 

Since ly ophilization did not appear to 


Tanrg IV 
THE EFFECT OF LYOPHILIZATION ON THE EFFICACY OF 
PLASMA OBTAINED FROM NONIRRADIATED DONORS AND 
THOSE EXSANGUINATED AT IO MINUTES AFTER 1.0 ๐ ๐ TF 
OF WHOLE BODY IRRADIATION 


Tumor Weight in Grams at 


| Sacrifice 3 Weeks after 
| Tumor Irradiation 
Treatment (See pedus 
Group T" | Unirradi- | : 
No Shi | IO minute 
i la ; a ated i | 1 
| plasma | plasma | plasma 
“ e REPE: pue jeu 2 = 
Radiation only | 26.2 +£0.45 | | 
Fresh plasma | CRG AS 10.21 
ve 2 : Í i 
Lyophilized | | | 
plasma | PHOS 40.33 LITO 
i i 





1 Standard error. 
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destroy the oncolysis-promoting constit- 
uents of the plasma, a further experiment 
was performed with the Ehrlich carcinoma. 
This was similar to those above except 
that the plasma was first shell-frozen and 
lyophilized and then reconstituted to one- 
fourth of its original volume. The results of 
these procedures are presented in Table v. 
It is seen that, for the most part, the results 
are similar to those in the earlier experi- 
ments with the Ehrlich carcinoma, such 
as presented in Table 1 where a lower con- 
centration was used. The absolute differ- 
ences are perhaps somewhat greater than 
in previous experiments although even us- 
ing this concentrated material the weights 
of the tumors from mice receiving plasma 
from irradiated animals did not show a 
statistically significant difference from 
those receiving plasma from unirradiated 
animals. It should also be noted that 
plasma which was obtained at 5 davs after 
irradiation failed to show any effect at all, 
being essentially identical to the plasma ob- 
tained from unirradiated animals. This is 
perhaps related to protein alterations re- 
sulting from lyophilization, as indicated by 
subsequent electrophoretic studies to be 
discussed below. A graphic representation 
of the enhancement factors obtained using 
this material are presented in Figure 4. This 
is similar to the previous presentation with 


0.30 


0.20 


Enhancement factor 





| hour 


10 min. 
Time interval - plasma withdrawal 


| day 3 day 5 day 


Fic. 4. Enhancement factors noted after the injec- 
tion of concentrated (i volume) plasma obtained 
at various times after whole body irradiation. 
Ehrlich carcinoma; tumor dose—2,000 r. 
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TABLE V 


THE EFFECT OF THE INJECTION OF PLASMA CONCEN- 

TRATES FROM RATS WHICH RECEIVED 1,000 r OF 

WHOLE BODY IRRADIATION ON THE WEIGHT OF THE 

EHRLICH CARCINOMA AT 3 WEEKS AFTER TUMOR 
IRRADIATION 











Tumor Weight 





Treatment - 








Group (per cent 
(gm.) of control) 
Untreated 4.03 y — 
Unirradiated plasma 2.07 0.46 24.8 
10 minute plasma Oe teeny ig ซี 
1 hour plasma 1.82+0.29 26.4 
1 day plasma 1.77 t0o.28 21.0 
3 day plasma | 1.92+0.36 $6. 
5 day plasma | 2060.32 24.4 





1 Standard error. 


the Ehrlich carcinoma (Fig. 1) using un- 
concentrated material with the exception 
of the indicated change at § days. 

A similar experiment was performed us- 
ing concentrated plasma with the C3HBA 
adenocarcinoma at a tumor dose of 2,200 r. 
The results were similar to those obtained 
using unconcentrated plasma and only 
small differences were obtained. Again, 
with plasma obtained at 5 days, a complete 
absence of enhancement was found. 


NATURE OF THE MATERIAL 


A number of experiments have been per- 
formed which give some evidence as to the 
nature of the various materials involved in 
the potentiation of effect obtainable 
through the injection of plasma. Returning 
to Table tv, it is seen that a fairly marked 
difference exists between the group of ani- 
mals which received radiation to the tumor 
without plasma injection as compared to 
the 2 groups in which plasma from un- 
irradiated animals was used. It has been 
shown? that there is a naturally occurring 
antibody-complement system in the blood 
of the rat and of other species which has an 
in vitro lethal effect on several mouse tu- 
mors. This led us to question whether 
some part of the 77 vivo effect might be due 
to some related mechanism. Since mice 
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normally have low complement levels, it 
could be that the introduction of exogenous 
complement might merely serve to enhance 
whatever amount of immune response the 
mouse was exhibiting against the growing 
tumor. 

To test this possibility the complement, 
or at least some portions of the comple- 
ment, present in the rat plasma was de- 
stroved by heating at 56° C. for 1 hour. 
Immediately after irradiation the micere- 
ceived plasma from previously unirradiated 
rats or from animals exsanguinated at 10 
minutes or one day after irradiation. In 
half of the mice, the plasma was adminis- 
tered fresh and in the other half, after 
heating at 56° C. These groups were com- 
pared to animals in which the tumor was 
treated with 2,000 r without the adminis- 
tration of plasma. It is seen (Table v1) that 
the results obtained when heated plasma 
was administered were essentially the same 
as with radiation alone. A slight increase 
in effect was seen when fresh nonirradiated 
plasma or plasma obtained at 10 minutes 
after irradiation was administered. The 
mice receiving plasma obtained 1 day after 
irradiation failed to show an effect; in this 
group the mean tumor weight was com- 
parable to those in which no plasma was 
administered or in which the complement 
was destroyed by heating. Despite this one 
aberrant group, it seems likely that at 
least some portion of the effect of plasma 
administration is obtained through the 
presence of complement or some other 
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thermolabile material in the rat plasma. 
This ettect is assumed to be independent 
of the whole bodv irradiation of the donor 
animals. 

One supposition which required inves- 
tigation was the possibility that the effect 
might be mediated through some substance 
contained in the red blood cells. Presum- 
ably this material could be present as a 
contaminant 1 ท the plasma from hemolvsis 
of red blood cells. Accordingly, an experi- 
ment was performed using an inoculum 
prepared from the blood of rats sacrificed 
at the times indicated above. As a major 
departure from the previous experiments, 
in this instance the washed red blood cells 
were hemolyzed, shell-frozen, lyophilized, 
and resuspended. In addition to the groups 
which received this material, both unirra- 
diated controls and animals which received 
local radiation (2,000 r to the tumor) were 
used. The average tumor weight was al- 
most identical in all groups which received 
radiation to the tumor, independent of the 
additional treatment. This demonstrated 
conclusively that whatever etfect may be 
present, it 1s not due to material contained 
in or associated with the red blood cells. 

On the whole, the results obtained with 
the injection of plasma were of a lesser mag- 
nitude than those obtained in our previous 
experiments in which whole body irradia- 
tion was administered to the same animals 
as the tumor irradiation. The supposition 
thus arose as to whether perhaps the sub- 
stance or substances produced by the ad- 


TABLE VI 


THE EFFECT OF HEATING AT 56° C. FOR I HOUR ON THE EFFICACY OF PLASMA OBTAINED FROM 
NONIRRADIATED DONORS AND THOSE EXSANGUINATED AT IO MINUTES OR 





I DAY AFTER 1,000 r OF WHOLE BODY IRRADIATION 



































Tumor Weight in Grams at Sacrifice 3 Weeks after 
; Tumor Irradiation 
Untreated iw : 
control Pa i . 
Unirradiated 10 minute I day 
"y 
SUE plasma plasma plasma 
Fresh 9.67-E0.71 1.68 0.27 I.7I1--0.25 2.06 bo. 91 
Heated 2 db 06.327 1.98 3- 0.24 1,96-F 0.24 Phen o AA 


1 Standard error. 
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ministration of whole body irradiation 
might, in some way, be related to the pres- 
ence of the tumor in the animal. Accord- 
ingly, similar plasma preparations were 
made from rats bearing the Sturm-Murphy 
sarcoma and treated similarly to the above. 
This material was injected into groups of 
mice following protocols similar to the 
above. The results of these experiments 
are presented in Table vir. For the most 
part, the results follow essentially the same 
pattern and are within the same order of 
magnitude of difference as in the various 
experiments presented above. It thus seems 
likely that the effect of whole body irradia- 
tion in tumor-bearing mice is a systemic 
phenomenon and is probably unrelated to 
the presence of the tumor in the irradiated 
animal. 

In a further attempt to characterize and 
demonstrate differences in the protein 
constituent of the plasma at various times 
after irradiation, we have embarked upon 
a study of the electrophoretic patterns. 
This has employed both free-flow and 
paper techniques, using normal unirradi- 
ated plasma and plasma obtained at the 
various times after irradiation. The re- 
sults are fairly definite although still some- 
what preliminary. These studies are con- 


TABLE VII 


THE EFFECT OF THE INJECTION OF PLASMA FROM 

TUMOR BEARING RATS WHICH RECEIVED 1,000 fr OF 

WHOLE BODY IRRADIATION ON THE WEIGHT OF THE 

EHRLICH CARCINOMA AT 3 WEEKS AFTER TUMOR 
IRRADIATION 








Tumor Weight 


Treatment 
Group (per cent 
(gm.) 3 
of control) 
Untreated 8.48 +0.55! -- 
'Tumor radiation only 32.549 2-6. 49 36.8 
Unirradiated plasma 3.31 16.38 40.0 
10 minute plasma ^ Ayo I 42.48 
1 hour plasma 2:99 3.0.24 38.9 
I day plasma 2.69+0.29 36.1 
3 day plasma 3.02+0.31 35.5 
5 day plasma 2.68 +0. 32 35.8 


1 Standard error. 
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a. Normal; Un-irradiated 





c. Normal; SDays After IOOOr 
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d. Tumor- Bearing; 5 Days After 


Fic. £. Schlieren photographs obtained in free flow 
electrophoresis of rat plasma. (a) Normal unir- 
radiated; (7) tumor-bearing unirradiated; (c) nor- 
mal irradiated; (7) tumor-bearing irradiated. 


tinuing, however, and will be reported in 
detail at a later date.’ 

The sequential changes after irradiation 
are quite dramatic, as shown in Figure 5 
which presents unretouched Schlieren pho- 
tographs of the boundaries obtained in 
moving boundary analyses. It is obvious 
that, even on a qualitative basis, marked 
differences exist between normal rats and 
those with tumors, as shown in a and å, 
respectively. The effect of radiation 1s 
quite marked as demonstrated in 6, which 
is characteristic of the pattern obtained 
with plasma from normal rats sacrificed 5 
davs after irradiation. The difference be- 
tween the effect of radiation in such animals 
and those bearing the Sturm-Murphy tu- 
mor can be seen in d from an irradiated rat 
with a well developed tumor. 

The results are presented on a more 
quantitative basis in Figure 6 in which the 
sequential changes in the various fractions 
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Fic. 6. Relative concentration (per cent) of various 
plasma proteins in normal and tumor-bearing rats 
before and as a function of time after irradiation. 
(a) Pre-albumin and albumin; (7) alpha-2 globulin; 

normal; 


(c) gamma  globulin. 
feos eo dm อ el tumor-bearing. 


are given, as affected by irradiation in 
tumor-bearing and nontumor-bearing rats. 
The data are graphed as relative concen- 
tration of plasma proteins in normal and 
tumor-bearing rats before and as a func- 
tion of time after irradiation. 

There is little change in the total protein 
concentration in either normal or tumor- 
bearing animals following irradiation. How- 
ever, as seen in Figure 6, albumin levels 
show a slight earlv rise after irradiation, 
followed by a plateau in both normal and 
tumor-bearing rats. These concentrations 
are maintained in the latter animals but 
there is a sharp drop in albumin levels in 
the normal rats between 3 and 5 davs 
after irradiation. It is to be noted that the 
rats with tumors initially have a somewhat 
lower relative concentration of albumin 
than the normal animals. This is accom- 
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panied by pre-albumin bands on the elec- 
trophoretic pattern which are definite al- 
though quite low 1n concentration. In the 
tumor-bearing animal, this pre-albumin is 
lost with time after irradiation. On the 
other hand, this pre-albumin is not seen in 
the normal animals but appears at 1 day 
after irradiation and is present thereafter. 

The alpha-1 and beta-globulins are 
largely unchanged by irradiation and are 
unaffected by the presence of a tumor. 
Lyophilization, however, greatly increased 
the relative concentration in the former. 
On the other hand, the alpha-2 globulins 
showed a progressive rise beginning at 3 
days after irradiation, both in the tumor- 
bearing and in the normal rats. Lyophiliza- 
tion sharply decreased the concentration of 
alpha-2 globulins especially at 5 days after 
irradiation. Since lyophilization had so 
great an ettect on the efficacy of 5 day 
plasma as demonstrated in our concentra- 
tion experiments, we may infer that the 
biologically active material is associated 
with the alpha-2 globulins and that it is 
of a chemical nature such that it is altered 
or destroyed by lyophilization. 

There is a decline in the amount of 
gamma globulin present in the plasma fol- 
lowing irradiation, particularly in the nor- 
mal rats. This is in accord with the common 
findings of loss of immune response in whole 
body irradiated animals, especially at these 
high dose levels. On the other hand, it 
should be noted that Ackerman ef a/.! found 
an increase in gamma-globulin levels after 
radiation therapy of localized masses or 
areas in the human. 

Since our studies were initiated, prelimi- 
nary results of similar studies using some- 
what comparable but independent electro- 
phoretie techniques have been reported. 
These studies by Baker and Carsten? and 
by Osorio and Ebert? have produced results 
which are in accord with our findings. 


DISCUSSION 


The present results confirm our earlier 
studies!” and thus serve to further demon- 
strate that the intravenous injection of 
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plasma from rats which have previously 
received whole bodv irradiation potentiates 
the oncolvtic potential of local tumor ir- 
radiation. Although the differences were not 
statistically significant for the most part, 
the fact that all repetitions of this study 
and with both tumors produce essentially 
the same degree of potentiation and identi- 
cal time-relationships indicates that it 1s a 
real effect. 

Since the time-relationships show fluctu- 
ations with the most efficacious times (10 
minutes, 1 day, § days), separated bv times 
showing no effect (1 hour, 3 days), it is 
quite probable that two or three separate 
substances are involved. These materials 
are presumably produced at different times 
after irradiation. of the donor animals, 
which is in accord with our findings using 
electrophoretic techniques. Superimposed 
upon the effect of these substances, we may 
suppose that at all times a portion of the in- 
creased oncolysis produced by plasma in- 
jection is mediated through the administra- 
tion of complement or some other similar 
material which is normally present in the rat 
plasma. From the electrophoretic patterns 
it seems that the material active at § days 
after irradiation is probably associated 
with the alpha-2 globulins and is subject to 
destruction by lyophilization, 

These results and their interpretation are 
in accord with the findings of Kuru ef al’ 
and Landy e£ a/.6 who found that normal 
serum had a cytolytic effect on tumor cells 
when incubated 7z vitro. Müller? previously 
demonstrated that serum from rabbits 
which had been exposed to whole bodv ir- 
radiation decreased the growth rate of cul- 
tures of chick fibroblasts as compared to 
cultures in which normal serum was used. 
A similar effect was noted with the growth 
of E. coli, except that even serum from un- 
treated animals had some effect. He like- 
wise demonstrated that the factor was 
thermolabile and could be inactivated bv 
heating at 56° C. It seems quite possible 
that the materials involved in the studies of 
Müller and in the present investigations 
are related 1f not identical. 
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All in all, we must note that the effects 
which have been demonstrated are quite 
variable in their magnitude although at all 
times low. The general phenomenon still 
has a number of unknown factors associated 
with the conditions under which the effect 
mav be demonstrated. We must, therefore, 
conclude that the clinical use of such ma- 
terials is by no means feasible. We are pres- 
ently attempting to isolate these substan- 
ces; if successful, this will permit a more 
definitive evaluation of their effectiveness. 


SUMMARY 


We have demonstrated that the injection 
of plasma from previously irradiated rats 
will increase the amount of oncolvsis result- 
ing from irradiation of the tumor. This 
effect can be demonstrated at 10 minutes, 
1 dav, and 5 days after irradiation but 1s 
absent at 1 hour and 3 days, indicating that 
multiple materials are involved. One of 
these is present at 5 days after whole body 
irradiation; this migrates with the alpha-2 
globulins and is destroyed by lvophiliza- 
tion. Another portion of the effect is associ- 
ated with complement or some other nat- 
urally occurring substance in the blood of 
normal rats. 
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THE USE OF RADIOACTIVE ISOTOPES IN THE 
TREATMENT OF LYMPHOMAS* 


By IRVING M. ARIEL, M.D. 


NEW YORK, NEW YORK 


MONG the first medical entities to be 
treated with radioactive isotopes was 
leukemia. Lawrence, Scott, and Tuttle,!? in 
1939, utilized radioactive phosphorus (P?) 
for treating leukemia and believed that pro- 
longation of life was obtained. Radioactive 
phosphorus proved to be of greater benefit 
for the myelogenous leukemias than for 
lymphatic leukemia, which was to be ex- 
pected because of the nature of the disease 
process. Lawrence and his colleagues uti- 
lized P? when relapse occurred. Another ap- 
proach has been that of Osgood! who ad- 
ministered regularly spaced dosage (the 
saturation technique or maintenance-dose 
technique) and claimed ล prolongation of 
survival in patients with leukemia. Hahn 
and Sheppard,? in 1946, described the use of 
radioactive colloids in the treatment of 
diseases of the lymphoid system. They first 
employed manganese oxide colloids con- 
taining Mn”. Later they used radioactive 
gold and obtained rather dramatic results 
In some patients with myelogenous leu- 
kemia and Hodgkin’s disease. 

In the present report the experience with 
various radioactive isotopes in the treat- 
ment of solid lymphomas is described, the 
indications for and the accomplishments 
and complications of such therapy are dis- 
cussed, and the need for further investiga- 
tion is pointed out. 


MATERIALS AND METHODS 


Radioactive isotopes were given to a 
series of patients with Hodgkin’s disease or 
lymphosarcoma. The isotopes were admin- 
istered intravenously, intra-arterially, in- 
terstitiallv, intralymphatically, by contact, 
or into a body cavity. They were given 
either as a main form of treatment, as an 


adjunct to other therapy, or as a supple- 
ment in residual lymphomas after the com- 
pletion of other therapeutic measures. 

The radioactive isotopes used were col- 
loidal gold, P?, chromic phosphate, vttrium 
9 ๐ microspheres, bismuth 206, iodine 131, 
and I™ ethiodol. Radioactive colloidal gold 
is a stable colloid of Au!** containing ap- 
proximately 5 mc/mg. of Au'® and having 


me/cc. Radioactive chromic phosphate is a 
suspension of finely ground chromic phos- 
phate having a particle size of ๐ .2 to 0.4 
micron and suspended in a dextrose solu- 


spheres measuring 1 to 4 microns in diame- 
ter to which the ¥ is bound (supplied by 3 
M Company, St. Paul, Minnesota). Bis- 
muth 206 is a gamma emitter with a half- 
life of 6.2 davs, and has been found to be 
effective in the treatment of Hodgkin's 
disease by Van der Werff and Haanen.'5 p% 
has been used in several patients for thy- 
roid ablation. P? ethiodol (supplied by 
Abbott Laboratories) consists of a certain 
number of atoms of radioactive iodine at- 
tached to an organic iodine radiopaque 
compound used for intralymphatic roent- 
genographic opacification. It has a specific 
activity of 2 mc/ml. of solution. 

The radioactive isotopes were given in- 
travenously in an effort to control general- 
ized involvement. The methods of adminis- 
tration were usually by remote control. 
When given interstitially, radioactive gold 
or chromic phosphate was administered ina 
sterile solution and efforts were made to ob- 
tain uniform distribution. The Y*? micro- 
spheres were suspended in carbipol and in- 
jected with an 18 gauge needle. When given 


* From the Soft Somatic Tissue Tumor Service, Hospital for Joint Diseases, and the Pack Medical Foundation, New York, New 
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Pati Duration — , Indication Radioactive Isosope 
Patient Location : NORD W 
before ec for (Dose, Datz l 
Age Sex eet of Disease ee IR xe ef Response Remarks 
(yr.) SPEORE AP SOE i epe FE vou en 
: Therapy Therapy Administra tren } 
C.O. Left supra- Supraclavicular — Interstitially: Shrinkage of mass Excellent regression of bulky 
45 M 4 mo. clavicular; mass Aute £0 me; supraclavicular mass 
mediastinum CrP?O,-—10 mc 
1-28-60 
Fluid control 'Thoracentesis, No response No response from intra- 
intrapleural: pleural isotopes; died 2 mo. 
Au * 100 me; later; autopsy revealed nec- 
CrP*9O0,—10 mc crotic tumor 
3210-660 
A.R. Generalized; Supplement to — Intravenous No response Died 6 mo, later 
70 p amo. abdominal mass chemotherapy CrP9?O,— ธุ mc 
(TEM, Thio- — 5-247456 
TEPA? 
R.B, Mediastinum; Residual after — Interstitially: Excellent Extensive mediastinal mass 
31 F 1 mo. left cervical chemotherapy 40 me yttriumego treated with 40 mg. HN: 
region and radiation microspheres into with 40 per cent reduction of 
therapy mediastinum mass; then 4,000 r tumor 
73-57-62 dose Co*? and medium volt- 
age roentgen ray with almost 
complete destruction; medi- 
astinal residual treated with 
radioisotopes 
B.B. Ascites; Hydrothorax Thoracentesis: Moderate control Also received roentgen-ray 
49 F 1 mo. hydrothorax CrP*?O,-—10 me, of hydrothorax therapy and HN»; moderate 
intrapleurally response 
8727-84 
Generalized CrP9O,—8 mc, Shrinkage of all Lymph nodes enlarged 1 mo. 
adenopathy; en- intravenous lymph nodes; no later; died 11—7-55 
larged spleen 2-28-55 effect on spleen 
and liver or liver 
M.G. Left neck: Fever and CrP*O,—6 me, Relief of pruritus, Good symptomatic response; 
31 F Iyr.  mediastinum pruritus intravenous fever for 4 mo. hydrothorax controlled by 
roentgen-ray therapy and 
CrP?9O,—4 re, HN, 
intravenous 
8-30-56 
B.L. Left cervical Extreme TS per os Marked relief of 
2 F 1 mo, lymph node apprehension 6-22-59 apprehension 
Ascites Intraperitoreally, Moderate control 
CrP20,— 3c mc of fluid formation 
8—-20-60 
Intraperitomeally, No response Patient preterminal; para- 
Aul — 100 me; centesis yielded 8,000 cc, 
CrP?O0,—2c me fluid; died 3-3-61 
3-1-61 
G.D. Mediastinum Resistant to เส ง แน ง § me, Patient preter- Died 2-21-57 
45 M fs mo. chemotherapy intravenous minal—no 
and radiation I-14$—-57 response 
therapy 
M.S, Generalized; Resistant to CrP30,— c me, Marked regression Abdominal mass enlarged 3 
£6 M 3yr. abdominal chemoterapy intra-aortieally of abdominal mo. later; roentgen-ray ther- 


and radiation 
therapy 


11-21-54 


apy without benefit; died 
10-11-56 (isotopes given too 
late in course of disease) 


sam para ganaran ad 


mass 
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Padres Duration TUE Indication Radioactive Isotope 
ME . before NR for (Dose, Date, and 
Age Sex 1 Disease at ies | R. »f Response Remarks 
ir) sotope Onset Isotope Route of — 
Therapy Pherapy Administration) 
B.B. Mediastinum; Resistant to CrP O6. mc, Temporary relief. oo Co teletherapy without 
19 F 4 mo, cervical lymph — chemotherapy intravenous of superior vena effect; died 3-7-56; very 
nodes and radiation 10-26-55 caval syndrome malignant form of Hodgkin’s 
therapy disease 
B.K, Axillary and Control of CrP?0,— € mc, Died 7-8-56, coronary heart 
68 F 6 mo. inguinal hydrothorax into right chest disease; marked anemia 
throughout probably a con- 
tributing factor 
CrP270,— 8 mc, Excellent control 
intrapleurally of hvdrothorax 
11-75-88 
H.V.K Right cervical — Resistant to P?2— 1o mc, No effect Died 8-10-55; extensive os- 
60 F x8 mo. region chemotherapy intravenous seous involvement 
and radiation 10-8-54 
therapy; osseous 
involvement 
with pathologic 
fracture 
LF. Both inguinal Bone marrow Auto me, Excellent clinical Patent receiving small main- 
44 F 4 mo. regions involvement intravenous response; patient — tenance dose of chlorambucil 
10-10-61 asymptomatic 
12-10-62 
E.B. Cervical region; Resistant to CrP?O,— 3 me, Had a blood dyscrasia caus- 
33 M 2vr. mediastinum chemotherapy intravenous ing pancytopenia; bone mar- 
and radiation 373-81 row | very ง hypocellular. 
therapy Chemotherapy could not be 
CrP?O0,—6 mc, Mild sympto- used; isotopes — produced 
intravenous matic response slight improvement; died 
6-6-57 6-27-58 
S.D. Osseous Diffuse bone P?— 4 mc per os Relief of bone Had extensive Hodgkin's 
40 F 17 yr pain $716—47 pain disease 1941; controlled bv 
irradiation; right radical 
P?— s mc per os mastectomy 12-18-40. for 
715-87 carcinoma of breast 
Skin nodules P? soaked in Excellent response Left radical mastectomy 
in axilla blotter, 24 hr. 2-$-53 for carcinoma of 
(9,000 rads} breast; oophorectomy 4-22- 
s6 for metastatic earcinoma 
Ascites CrP?O,— 10 mc, Not known whether ascites 
intra-abdominally was due to Hodgkin's disease 
10-14-58 or breast cancer; more likely 
the latter 
Y 501—125 me, No effect 
intra-abdominally 
11-21-68 
B.B. Right axilla; Mass in axila  Jnterstitially: Necrosis of mass 
1$ F 12 mo. generalized bismuth 206—4 mc 
10-19-62 
Resistant to Intravenous: Aplasia Died 11-19-62 
chemotherapy bismuth 206— 3 mc 
and radiation 10-21-62 
therapy 


into a body cavity, a thoracentesis or para- 
centesis was first performed and the isotope, 
diluted in about 100 cc. of saline solution, 


was then introduced into the cavitv. The 
intralymphatic administration was accom- 
plished by isolating a lymphatic vessel in a 
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hand or foot, cannulizing it and, by 
means of a lymphangiography pump, 
slowly injecting the radioactive isotope.? 
RESULTS 

The results of treatment are summarized 
in Tables 1 and 11. Fifteen patients with 
Hodgkin's disease and 17 patients with 
various forms of lymphosarcoma have re- 
ceived radioactive isotope therapy. The 


Fic. r. Patient R.B. (4) Laminagram show- 
ing extensive mediastinal Hodgkin's disease 
in a 31 year old female. (B) Appearance after 
intravenous administration of 40 mg. HN». 
There has been an estimated 40 per cent 
shrinkage of the mass. (C) Roentgenogram 2 
months after the completion of teletherapy 
with an estimated tumor dose of 4,000 r; 
residual Hodgkin's disease present in left 
upper mediastinum. 


treatment was usually given when the pa- 
tient was in a terminal stage or after the 
disease had become resistant to the more 
orthodox therapeutic modalities. In a few 
instances it was given as the primary form 
of therapy. 


HODGKIN'S DISEASE 


Of the patients with Hodgkin’s disease, 
II were females and 4 were males. Their 
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Fic. 1. (D) Roentgenogram § months after 
the administration of radioisotopes (Table 
1); mediastinum appears normal. 


ages ranged from 15 years to 70 years. They 
had suffered from the disease, before re- 
ceiving the isotope therapy, for periods 
varying from 1 month to 17 years. 

. Eleven of these 15 patients were treated 
by the intravenous administration of the 
Isotope; 9 treatments were given into body 
cavities; 3 patients received interstitial in- 
jections; and in one instance the dose of 
chromic phosphate was administered intra- 
aortically in an attempt to shrink an ab- 
dominal mass. This patient manifested 
marked regression of the abdominal mass, 
only to have the mass increase in size 3 
months later. Some of the patients had the 
Isotopes administered by combined meth- 
ods. 

Of the patients who received the isotopes 
intravenously, 3 manifested no response 
whatsoever from the treatment. One (B.B.) 
had marked shrinkage of all visible lymph 
nodes after the administration of 8 mc of 
CrP?O,; the lymph nodes re-enlarged one 
month later. There was no effect upon the 
enlarged spleen and liver. One patient en- 
joyed relief of pruritus and fever for 4 
months; another had temporarv relief of a 
superior vena caval syndrome; another had 
mild relief of vague symptoms; and a pa- 
tient who had extensive inguinal lymph- 
adenopathy and generalized pain, probably 
the result of bone marrow involvement, en- 
joyed an excellent clinical remission and re- 
mains asymptomatic 14 months after the 
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administration of 30 mc of radioactive gold, 
and is being maintained on small doses of 
chlorambucil. The one patient who re- 
ceived 3 mc of radioactive bismuth intra- 
venously suffered a fatal aplasia and died 1 
month later; whether the bismuth con- 
tributed to this reaction or the patient de- 
veloped an acute leukemic reaction cannot 
be stated. 

The 3 patients who received the radio- 
active isotopes interstitially all had shrink- 
age of their bulky tumors. In patient R. B. 
(Fig. 1, 4-D) excellent primary reduction 
of an extensive mediastinal mass was ob- 
tuned by chemotherapy, after which fur- 
ther marked shrinkage was obtained with 
teleradiation. The residual tumefaction was 
interstitially injected percutaneouslv with 
Y" microspheres. This patient remains well 
and asymptomatic, with no roentgeno- 
graphic evidence of involvement, 6 months 
later. One patient in whom 4 mc of bismuth 
206 was injected interstitially into a huge 
axillary mass developed necrosis at the site 
of the injection. 

Of the patients who received radioactive 
isotopes into body cavities in an effort to 
control either hydrothorax or ascites, 4 
demonstrated no beneficial effect from the 
treatment, and 2 had a moderate decrease 
in fluid formation. In only 1 patient (B.K.) 
was there excellent control of hydrothorax, 
with no reaccumulation of fluid during the 
9 months the patient survived after the iso- 
tope therapy. 

Patient S. D. had numerous weeping skin 
nodules in her axilla. She had previously 
received intensive irradiation to this site 
and was treated with a small dose of P® 
soaked into blotting paper and left in situ 
for 24 hours, delivering a dose of 9,000 rads. 
This simple procedure resulted in complete 
drying up of the weeping surface and an ex- 
cellent clinical response. Inasmuch as this 
patient also had two primary breast cancers 
treated by radical mastectomv, it cannot be 
stated with certainty whether the axillary 
lesions treated by the radioisotope regimen 
were Hodgkin’s disease or metastatic 
cancer. 


lABLE 11 


LYMPHOSARCOMA TREATED WITH RADIOACTIVE ISOTOPES 








Patient pu von — Location of Indication for Radioactive Isatope 
Age Sex Mid Disease at Isotope ese Pati und Respon: R k 
ไอ เล ร ( p แอ Response emarks 
(yr.) 0 Onset Therapy CS 
Therapy PI Administration) 
JOH. Inguinal region; Primary form of — Y—2 mc, Excellent regression 
41 M imo. mediastinum therapy with intravenous and of lymphadenopathy 
chemotherapy 3o mg, HN 
9-11-58 
Interval therapy; | CrP*O,—2 mc, No effect Developed extensive ab- 
patient asympto- — intravenous dominal, including hepatic, 
matic 7716-69 involvement 
Extreme appre- Pirmo Excellent response Slight response to 2 million 
hension per os volt roentgen-ray therapy; 
[273—159 died 3-13-60 
A.N. External lymph- Primary form of | Au!9—125 mc, Marked shrinkage Developed marked leuko- 
gt M 3 wk. adenopathy; therapy because intravenous of lymphadenop- penia; (10-31-61; Hb 12 
mediastinal; of dissemination 1076-61 athy; no change gm. 95; RBC. or M; 
abdominal in abdominal mass W.B.C. 1,850; seg. 20%, 
nonseg. 895, megakaryocytes 
1. 555, eosinophils 1.5%, lym- 
phocytes 66.5%; platelets 
1s0,000; ecchymosis); died 
suddenly 11-11-61 
N.R. Right inguinal Extreme dissemi-— P?—5$ me, Subsidence of fever Questionable response after 
50 M $ yr. region nation, lymph- intravenous intravenous P?; no demon- 
adenopathy and — 9-2-54 strable shrinkage in lymph 
intraabdominal nodes 
Apprehension I9t—5 mc, Relief of appre- 
per os hension 
10-30-64 
Resistant to P9, intravenous No significant Fracture of femur; died 
chemotherapy and 12-23-54 response after internal ^ fixation, 
isotope therapy 474755 
H.L. Entire gastro- Weakness; leg and Y?—3 mc, in-.— Relief of all Isotope therapy part of mul- 
49 M 1 yr, intestinal tract abdominal pain travenous symptoms tiple types of treatment; 
68-68 many chemotherapeutic 
agents, roentpgen-ray, etc. ; no 
Abdominal pain Yu EDTA —3 No effect noted significant effect; died 
mc, intravenoas 11-1759 
11—7-—58 
CrP®Q,;—intra- No effect 
venous 12-29-38 
B.M, Disseminated Control of chest CrP9O,— 14 mc, No further fuid; Very malignant form of 
6o M 8 da.  lymphadenop- fluid intrapleurally died 6-16-55 lymphosarcoma 
athy; ascites; $-17-$5 
hydrothorax 
MLF. Right cervical Resistant to CrP920,—10 me, No effect Developed severe vena caval 
§2 F 7 mo. region; roentgen-ray intravenous obstruction 2 mo. later; did 
mediastinum therapy 6715-756 not respond to irradiation; 
died 57-10-57 
S.F. Disseminated, Control of CrP?O4.—1:0 mc Questionable re- Died 10-19-58 
40 F 4 yr. intraabdominal; hydrothorax and 15 mg. sponse; roentgen-ray 
bilateral hydro- ThioTEPA, therapy later; no 
thorax intrapleurally reaccumulation of 
10-25-66 fluid 
M.H. Mediastinum Supplement to ps. ro mc, No effect; medi- Died 8-3-54 
6 ๐ M 6 mo roentgen-ray intravenous astinal lymph nodes 
therapy; no 12-3-53 increased in size 
response to 
roentgen rays 


nodes 


Generalized 
lymphosarcoma; 
bone marrow 
showed ly mphosar- 
coma 


P2—1o me, 
intravenous 
11-12-53 
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Pancytopenia; 
lymph nodes 

smaller; spleen 
remained large 


8 vear control of dissemi- 
nated lymphosarcoma with 
roentgen-ray therapy and 
chemotherapy; believed that 
P? contributed to control of 
the disease; died 8-8-59 
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Patient Puranen Location of Indication for HRadoschve gorane 
A S before : (Dose, Date, and : 
ge Sex rtopve Disease at Isotope Route of Response Remarks 
(yr.) P Onset Therapy ia : 
Therapy Administration) 
Interval therapy; — P9?—4 mc, No effect 
patient asympto- — intravenous 
matic; lymph- 9-16-54 
adenopathy 
P33—$ mc, 
intravenous Good response 
9-27-$5$6 and 
roentgen-ray 
therapy 
B.I. Bilateral Dissemination; Au go me, — Severe hepatitis Whole blood transfusion 
637 M 1o yr. ? cervical lymph- generalized intravenous 9-21-62. Hepa- given 8-30-62; the proba- 
adenopathy lymphadenopathy; 9-18-62 torenal syndrome, bility of liver irradiation 
abdominal masses; superimposed on hepatitis 
anemia after long Died 9-27-62 could explain the severe 
period of hepatitis and death 
quiescence 
L.W. Posterior chest Not controlled by Interstitially, Shrinkage of mass Control of recurrent lympho- 
10 F 6 mo. wall radical surgery Au9$—25 me sarcoma of back and right 
and teleradiation; 5-24-60 chest; interstitial isotopes 
recurrent masses gave mild palliation; died 
3713-62 
Interstitially, Shrinkage of mass 
CrP90,—10 mc 
8-227560 
Y 969—100 mc Improved breathing 
microspheres 
into mass of 
right chest 
3-1-62 
go mc into back Necrosis of mass 
371-62 
M.D. Stomach and Primary form of — Y*—2$ mc Relief of all symp- Temporary response; recur- 
65 F 6 mo. retroperitoneum treatment microspheres, toms (pain, anorexia, rence of symptoms not 
intralymph- abdo minal disten- helped by chemotherapy 
atically tion) 
4-11-62 
W.B. Generalized; Splenohepato- 50 mc silver- Shrinkage of liver Combined isotope treatment 
7 ๐ M 9 yr. brain; intra- megaly coated gold, and spleen gave good palliation of 
abdominal intravenous lymphosarcoma involving 
8—16-61 brain, liver, spleen, and 
axillary lymph nodes; pa- 
AuP8— 30 me, — Shrinkage of liver tient asymptomatic at time 
intravenous and spleen of writing, Io yr. after onset 
8-29-61 of the disease 
Brain involvement Au'*-—so me, Complete relief of 
intravenous symptoms (head- 
9—30-61 ache, dizziness) 
Axillary lymph- ¥%—20 me Clinical and roent- 
adenopathy microspheres, genographic shrink- 
intralymph- age of axillary 
atically lymph nodes 
5-26-62 
LK. Retroperito- Treatment of re- — Y9?^—20 mc Complete reliefof Patient. remains well with 
jo E 4mo. neum currence after microspheres, all symptoms no evidence of lympho- 
remission from intralymphat- sarcoma 6 mo. after radio- 
HN: therapy ically 6-23-62 isotope therapy 
R.S. Retroperito- Recurrence after — I ethiodol-- Symptomatic relief Transient palliation, 3 mo. 
£t F 9 mo, neum remission from 1o mc, Intra- for 3 mo. duration 
chemotherapy lymphatically 
6-25-62 
G.M. Generalized Failure of chemo- | Au!*$—so me, — No effect No demonstrable effect from 
so E 2 yr. therapy to control intralymph- radioisotope therapy 
atically 9-22-62 
W.C. Generalized Resistant to Bi?95—5 me, Too recent for 
27 M  18mo,. lymphadenop- chemotherapy and intravenous appraisal 
athy radiation therapy — 12-1-62 
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As part of another study, in which radio- 
active iodine was GG 4 it was ob- 
served that after the induction of hvpo- 
thvroidism with I!) there was a diminu- 
tion of the patient's ‘emotional response to 
the disease. Two patients in the present 
series were given I?! for this indication and 
both had excellent relief of apprehension. 


LYMPHOSARCOMA 


Table 11 presents the clinical course of 


patients with lymphosarcoma treated with 
radioactive isotopes. Of the 17 patients, 7 
were females and 10 were males. Their ages 
varied from 10 years to 70 years. The lym- 
phosarcoma had been present, before the 
isotope therapy, for periods ranging from 8 
days to 10 vears. 

Most of these patients were treated by 
the intravenous administration of colloidal 
suspensions of isotopes inasmuch as it has 
been demonstrated that these suspensions 
will be deposited in large amounts in the 
reticuloendothelial system. 

Eighteen intravenous treatments were 
given. Patient T. QH. had excellent regres- 
sion of inguinal lymphadenopathy following 
the combined administration of Y® and 30 
mg. of HN,. He remained well for approxi- 
mately v a year, receiving interval treatment 
of 2 mc of Cr P®O,, and he then developed 
extensive intra-abdominal lymphosarcoma 
which was not controlled by anv therapy. 
In 2 other patients there was marked reduc- 
tion in accessible, enlarged lymph nodes; in 
one of these, the splenomegaly remained 
unaffected and when re-enlargement of the 
Ivmph nodes occurred, there was no re- 
sponse to additional isotope administration. 
One patient enjoyed relief from hyperpy- 
rexia that had been resistant to therapy, 
but there พ 
his lymph nodes; another stated that he felt 
better, with relief of vague symptoms; and 
in 3 patients there was no demonstrable re- 
sponse. 

Patient W. B. has repeatedly responded 
to radioactive isotope therapy. His spleno- 
hepatomegaly decreased markedly in size 
after the intravenous administration of £o 
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mc of silver-coated gold and, 13 days later, 
of 30 mc of Au!**, The silver-coated gold 
was given as the result of Hahn's observa- 
tion that silver is more rapidly concen- 
trated in the lymph nodes. One month after 
this therapy, the patient developed severe 
headache and dizziness, diagnosed as due to 
involvement of the central nervous svstem 
by lymphosarcoma. The intravenous ad- 
ministration of so mc of radioactive gold re- 
sulted in a rapid cessation of all symptoms, 
which has lasted over a year. Axillary 
Ivmphadenopathy was controlled by the 
intralymphatic injection of 20 mc of Y” 
microspheres (Fig. 2, Æ, B and C). 

One patient who r eceived 12 5 mc of 
radioactive gold intravenously manifested 
complete shrinkage of extensive lymphad- 
enopathv which had enveloped his body 
เท a period of 3 weeks. There was no de- 
crease in the size of his abdominal mass. He 
developed marked leukopenia and died sud- 
denly 5 weeks later. 

Patient B. I. manifested a severe hepati- 
tis 3 days after the intravenous 
tion of zo mc of Au'**, He had developed 
extensive lymphosarcoma after a remission 
of 1 year from intravenously administered 
HN, and roentgen-ray therapy to the cervi- 
cal lymph nodes. An associated anemia was 
treated by a sco ml. transtusion. It is be- 
lieved that he developed a viral hepatitis 
from the transfusion, and the intense ir- 

radiation from the administration of radio- 
active isotopes, superimposed upon the 
damaged liver, was incompatible with life. 

The response to therapy was question- 
able in the 2 2 patients who received radio- 
active isotopes intrapleurally for the control 
of fluid. Patient B. M. was given 15 mc of 
chromic phosphate but died 1 month later 
from disseminated lymphosarcoma. Patient 
5. F. received combined therapy with 10 mc 
of CrP*?O, and 15 mg. of ThioTEPA, after 

which he was given roentgen-ray therapy 
to the chest region. There was no reaccumu- 
lation of fluid in the chest during his re- 
maining 2 vears of life. It cannot be stated 
with certainty what role the isotopes played 
in controlling the fluid formation. 
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Five patients received radioactive iso- 
topes administered intralymphatically. Pa- 
tient W. B. had complete disappearance of 
axillary lymphadenopathy after the injec- 
tion of 20 mc of Y” microspheres (Fig. 2, 4- 
C). Patient I. K., who had extensive retro- 
peritoneal lymphosarcoma, has remained 
asymptomatic, with no clinical evidence of 
recurrent disease, after the intralymphatic 
administration of 20 mc of Y?? micro- 
spheres (Fig. 3, Zand B). One patient, who 
received I ethiodol into the retroperi- 


Fic. 2. W.B. (4) Lymphangiogram of axilla 


taken after administration of 20 mc of 
radioactive Y microspheres. Note lympho- 
sarcomatous appearance of lymph nodes. 
(B) Appearance จ months after injection of 
the isotope, demonstrating retention of 
contrast medium in the lymphatics despite 
the fact that the lymph nodes were not 
clinically palpable. (C) Appearance «g 
months after injection of the isotope; this is 
similar to B, suggesting that the alterations 
were due to shrinkage of the lymph nodes 
and not merely the result of escape of the 
contrast material. 


toneal lymph nodes by introducing the iso- 
tope through a cannulized foot lymphatic, 
enjoved subsidence of fever and com- 
plete relief of all symptoms for 3 months, 
after which she developed generalized ab- 
dominal lymphosarcoma which 
treatment with chemotherapy and external 
irradiation. One patient with generalized 
lymphosarcoma manifested no response to 
the intralymphatic administration of 30 
mc of Au!?5, 

Two patients in this group also enjoyed 


resisted 
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relief of emotional upheavals and extreme 


apprehension after the oral administration 
of ] 181 


DISCUSSION 


An excellent response can frequently be 
obtained by treating localized lymphosar- 
coma or Hodgkin's disease with aggressive 
local therapy. Surgical extirpation followed 
by intensive radiation therapy has resulted 
in a 62 per cent!! 5 year cure rate of patients 
with lymphosarcoma. Long-term survivals 
of from 10 to 20 vears have been obtained 
by intensive local radiation therapy for 
localized lymphosarcoma and Hodgkin's 
disease. Accordingly, aggressive irradia- 
tion and, where indicated, preirradiation 
surgical extirpation are the therapeutic 
methods of choice in lymphosarcoma and 
Hodgkin’s disease that is localized. 

All too frequently, evidence of dissemi- 
nation becomes manifest; additional chains 
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of lymph nodes become involved, the pa- 
tient develops hvdrothorax or ascites, hepa- 
tomegaly or splenomegaly occurs, medias- 
tinal or abdominal masses develop, and 
the patent becomes anemic. Inasmuch as 
it has beén demonstrated that submicron- 
sized material will be largely concentrated 
within the reticuloendothelial system and 
because the above-mentioned diseases are 
largely disorders of the reticuloendothelial 
system, the intravenous administration of 
submicron-sized suspensions of radioactive 
isotopes would seem a logical means of in- 
ternal irradiation. Hahn has reported good 
results from such irradiation delivered to 
patients with leukemia. He has also re- 
ported treating 35 patients with Hodgkin's 
disease by the intravenous administration 
of radicactive colloids, 7 of whom mani- 
fested dramatic response. 

Our data demonstrate a response of pa- 
tients with Hodgkin's disease and general- 





Fic. 5. LK. (4) Lymphangiogram taken 2 days after intralymphatic administration of 20 mc of Y micro- 
spheres into a foot lymphatic; typical picture of lymphosarcoma. (B) Lymphangiogram 5 months after 
injection; note shrinkage of lymph nodes, due partly to the effects of irradiation and partly to the escape of 
contrast medium. Patient remains well 6 months after radioisotope treatment of retroperitoneal lympho- 
sarcoma. 
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ized lymphosarcoma to the intravenous 
administration of radioactive colloids of 
gold and chromic phosphate. In some pa- 
tients, there was complete disappearance of 
lymphadenopathy; in others, there was no 
shrinkage of associated abdominal masses; 
in à significant number, no response was 
observed. Many of these patients had de- 
veloped resistance to other forms of therapy 
and this failure of response could be antici- 
pated. 

Patients with lymphosarcoma appeared 
to react more satisfactorilv to the intra- 
venous administration of colloids than did 
those with Hodgkin's disease. The relative 
merits of the two radioactive isotopes used 
cannot be stated from this studv. Whether 
the better radiologic spectrum of the short- 
lived radioactive gold is preferable to the 
prolonged irradiation from the chromic 
phosphate warrants additional investiga- 
tion. 

The relief of bothersome symptoms, in- 
cluding pruritus, fever, and generalized 
pain, can be effectively obtained bv the use 
of intravenously administered radioactive 
isotopes. Complications and hematopoietic 
depression were surprisingly infrequent 
with the methods used. The fact that one 
patient developed what was believed to be 
a viral hepatitis from a transfusion and 
succumbed after hepatic irradiation from 
intravenously administered radioactive 
gold emphasizes the need for caution in 
radioisotope administration in such instan- 
ces. Marked relief of symptoms from cen- 
tral nervous system involvement in one pa- 
tient warrants further investigation of this 
form of therapy in patients with lympho- 
sarcoma or Hodgkin’s disease of the brain. 

The interstitial administration of radio- 
active isotopes has induced excellent re- 
sponse in most patients. In those with 
troublesome lymphadenopathy as part of a 
generalized process, which has not re- 
sponded to systemic therapy, the lymph- 
adenopathy can be controlled by the simple 
percutaneous interstitial administration of 
radioactive gold, CrP?O,, or Y° micro- 
spheres. Furthermore, if after a course of 
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Fic. 4. L.W. (,4) Clinical photograph after radical 
surgical resection and external roentgen therapy 
to the back of a 10 year old girl with extensive 


lymphosarcoma  (reticulum-cell sarcoma). (B) 
Clinical appearance of multiple masses which con- 
tinued to increase in size despite external radia- 
tion. therapy. Shrinkage of these masses, with 
associated good palliation, was obtained by the 
intravenous administration of radioactive isotopes 


(Table 11), 


systemic chemotherapy and teleradiation, 
a residual disease process persists, it can be 
effectively irradiated by the interstitial ad- 
ministration of radioactive isotopes. Cer- 
tain lymphosarcomas, such as that suffered 
by patient L. W. whose entire posterior 
musculature seemed doomed to the de- 
velopment of new loci of lymphosarcoma, 
did not respond to any form of therapy in- 
cluding intensive irradiation, surgery, and 
chemotherapy. The interstitial injection of 
radioactive isotopes into the large masses in 
her back and chest offered a simple and 
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atraumatic method of producing some pal- duce bulky mediastinal or abdominal 
liation (Fig. 4, 4 and B). masses which are the cause of the fluid ac- 
Although a good response would not be cumulation, a good response would not be 
anticipated from theintracavitary adminis- anticipated from the surface irradiation 
tration of radioactive isotopes for the con- produced by the isotope. That some re- 
trol of hydrothorax or ascites, several pa- sponse was obtained warrants further in- 
tients in this series suffering from Hodgkin's vestigation so that a better understanding 
disease or lymphosarcoma did demonstrate of this response can be obtained. 
beneficial response from their administra- Excellent irradiation of retroperitoneal, 
tion. Cancers which have produced intra- iliac, and inguinal, as well as axillarv, 
pleural or intraperitoneal seedings that are lymph nodes can be obtained by adminis- 
the cause of hydrothorax or ascites are the tering radioactive isotopes into a lymphatic 
ones that respond best to intracavitary of a hand or foot (Fig. 5). Preliminary in- 
isotope therapy. Inasmuch as Hodgkin’s vestigation of this method has yielded very 
disease and lymphosarcoma usually pro- encouraging results, and further investiga- 
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Fic. s. Lymphoscan taken after the intralymphatic administration of 1.5 mc I?! ethiodol. Note concentra- 
tion of the isotope in the inguinal and iliac lymph nodes and, to a lesser extent, in the para-aortic lymph 
nodes. This is interpreted as a normal scintiscan. 
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tion is being intensively pursued by the 
author. 

Van der Werf and Haanen" have re- 
ported a good response in patients. with 
Hodgkin's disease from the intravenous 
and otetta administration of bismuth 
206. They believe that there is a selective 
concentration of the radioactive bismuth in 
lymphomatous processes. Our meager data 
to date do not warrant an opinion. 


CONCLUSIONS 
1. Radioactive isotopes offer a useful 
adjunct in the over-all treatment of pa- 
tients with lymphomas. 
2. The intravenous 
radioactive colloidal gold and chromic 


phosphate produces significant results. Of 


the patients with Hodgkin's disease so 
treated, 2 demonstrated shrinkage of pal- 
pable lymph nodes, 1 enjoyed relief of se- 
vere pruritus, and 1 had relief of a superior 
vena caval obstruction syndrome. The re- 
mainder showed no significant effect. Pa- 
tients with lymphosarcoma responded well 
to similar treatment, with shrinkage of pal- 
pable lymph nodes, relief of hyperpyrexia, 
and, in 1 instance, relief of severe symp- 
toms resulting from central nervous system 
lymphosarcoma. 

The response from intracavitary ad- 


ministration was favorable. Of 6 a 
with Hodgkin’s disease so Eu 2 had 


marked decrease in fluid formation a I 
had complete control of a hvdrothorax. 
Three patients demonstrated no effect. 

4. The interstitial administration of ra- 
dioactive isotopes offers an ideal means for 
supplementing external radiation therapy 
or of rapidly administering a course of ra- 
diation therapy to a bothersome site in a 
patient suffering from disseminated lym- 
phoma. 


v. The intralymphatic administration of 


radioactive isotopes (Aut; Y?? micro. 
spheres; I?! ethiodol) has produced excel- 
lent clinical remissions. 

6. The treatment of hyperthyroidism by 
the oral administration of I?! has resulted 
in excellent control of severe apprehension 
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administration of 
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and emotional upheavals in most of the pa- 
tients so treated. There was no demonstra- 
ble effect upon the course of the lymphoma. 

Complications were minimal; certain 
of ee have been described. 


Pack Medical Group 
13g East 36th Street 
New York 16, New York 
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DETERMINATION OF THE DISTRIBUTION OF P= IN 
PHANTOMS AND IN PATIENTS BY DETECTION 
OF BREMSSTRAHLUNG RADIATION 
WITH A SCINTISCANNER* 

By JOAN G. HEIDELBERG, M.A., PAUL G. SIROTA, B.A, WILLIAM C. DEWEY, PH.D., 
and RAYMOND G. ROSE, M.D. 


HOUSTON, TEXAS 


WO desirable attributes of radioactive 

colloidal material for intracavitary 
therapy are photon radiation, which can 
be localized by external body scanning,” 
and low radiation dose to other parts of the 
patient’s body and to attending personnel. 
Gamma emitters, such as Auts, permit 
good scanning," but undesirably deliver a 
high radiation dose outside of the treated 
volume. An alternative source is the pure 
beta emitter, P? in the form of colloidal 
chromic phosphate, which produces suffi- 
cient photon radiation by Bremsstrahlung 
for scanning,”® but not enough to consti- 
tute a hazard. 

Although scintiscanning equipment has 
not been used routinely for measuring the 
distribution of P® in vivo, external meas- 
urements of P? concentration in tissue have 
been made*? in which; Bremsstrahlung 
radiation was detected with a Geiger Mül- 
ler tube placed in contact with the skin. Bv 
this method, pathways of phosphorus me- 
tabolism have been studied*!^' in which 
the counts at various areas on the bodv 
were related to a particular reference area 
or organ.!? 

To determine the distribution of a thera- 
peutic dose of chromic phosphate relatively 
soon after its injection into the pleural or 
peritoneal cavity, studies were conducted 
utilizing the Bremsstrahlung radiation 
produced in the tissues. Phantom studies 
were conducted to determine the energy 
spectrum of the radiation and to measure 
the resolution and sensitivity for various 
settings of the spectrometer. Patients re- 


* From the Departments of Physics and Medicine, The University of Texas M. D. Anderson Hospital and Tumor Institu te, 


Medical Center, Houston, Texas. 


ceiving P? chromic phosphate were scanned 
with automatic scintiscanning equipment, 
and the findings were correlated with the 
phantom measurements, 


MATERIALS AND METHODS 


Tests were conducted with the auto. 
matic scanning equipment that is used in 
routine clinical studies. The scintillation 
detector assembly consisted of a 2-inch 
sodium iodide crystal shielded on the sides 
with 4.5 cm. of lead and located above a T: 
hole focusing collimator‘ (focal length of 8 
cm.). The photoscanner optical system con- 
sisted of a tungsten light source which 
varied in intensity with changes in count 
rate.’ 

Phantoms consisting of lucite cubes were 
used to approximate clinical conditions. A 
3-cm. cube which contained the radioactive 
material was placed inside a 12-cm. cube 
which was filled with water to provide a 
scattering medium similar to tissue. The 
distance of the source of activity from the 
top of the 12.cm. cube could be varied, 
thereby allowing measurements to be made 
with different amounts of scattering ma- 
terial above the source. All scans were 
made with the collimator 2 cm. above the 
larger cube. 

A second phantom consisted of a round 
lucite dish 24 cm. in diameter. Scattering 
material used above the dish consisted of 
various thicknesses of tissue-equivalent 
wax, type Mix-D. Phosphorus’? was placed 
in the dish and brought to a depth of 3.0 
cm. Activity was expressed as mc/cm.2, 


Texas 
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Bremsstrahlung spectra were obtained, 
with the source at various depths, by means 
of a motor-driven, single-channel, pulse- 
height analyzer. 


RESULTS 


Figure 1 shows the Bremsstrahlung spec- 
tra obtained with the source which อ อ ท - 
sisted of 500 uc of P* placed beneath 7.8 
cm. of water. Both an integral spectrum 
(using onlv lower level discrimination) and 
a differential spectrum (using both upper 
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and lower level discrimination) are shown. 
The differential spectrum (obtained with a 
s-kev. window width) shows that the prin- 
cipal energies of the Bremsstrahlung radia- 
tion range from about 25 kev. to 125 kev. 
The spectra were continued to 250 kev., 
and no other peaks were observed. These 
findings concur with the work done by other 
investigators, !? 11.1 

Spectra obtained with 4.5 and 0.1 cm. of 
water above the radioactive source also 
showed the same energy pattern, with the 








100 


KEV 


Fic. 1. Energy spectra of P® Bremsstrahlung radiation were obtained with a motor-driven, single-channel, 
pulse-height analyzer. Integral spectrum utilized lower level discrimination only; the differential spectrum 
utilized lower level discrimination and a s-kev. window. Spectra were continued to 250 kev., and no other 
peaks were observed. 
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exception of an additional peak in the re- 
gion of approximately 20 kev. when the 
depth of water was o.1 cm. This additional 
peak was probably caused by the increas- 
ing absorption of the aluminum shield for 
low energy Bremsstrahlung radiation which 
was shielded by the water when its depth 
was às great as 4.5 cm. 

To determine the optimum instrument 
settings based on statistical considerations 
of low counting rates, the ratio of gross 
counting rate? to background counting rate? 
was determined for different window widths 
and base-level settings on the spectrometer 
(Fig. 2). By this criterion, it is apparent 
that the best settings are at a base level 
setting of 35 kev. and a window setting 
of 100 e which includes the peak 
shown in the differential spectrum of Figure 
1. This criterion of determining the instru- 
ment settings 1s most important when the 
ratio of count-to-background is low. How- 
ever, when P?* chromic phosphate is used 
therapeutically, a high ratio of count-to- 
background is usually obtained; therefore, 
integral settings may be used for most 
clinical work. 

The resolution of the svstem was meas- 
ured by taking 1 minute counts with inte- 
gral settings at 0.5 cm. distances over the 
surface of the phantom when the top of the 
3-cm. cube was at a depth of 4.5 cm. In 
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Fic. 2. Instrument settings were determined by the 
method of Loevinger and Berman. Optimum 
settings according to this criterion (the highest 
ratio of gross count squared to background) utilize 
a 1oo-kev. window and a lower discriminator set- 
ting of 35 kev. 
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Fic. 3. The resolution of the Bremsstrahlung meas- 
urement technique was determined by two meth. 
ods. The upper curve is a plot of the relative count 
rate taken at 0.5 cm. distances over the surface of 
the 3-cm. cube which is located with its top surface 
at 4.5 cm. below the top of a 12-cm. cube filled with 
water. The lower curve represents the relative 
count rate at various distances obtained from cali- 
brated density readings from the photoscan by the 
photocopy method. Integral settings of the 
spectrometer were used. 


Figure 3, the relative counting rates are 
plotted versus distance along the cube. The 
half-width is 3.2 cm.; this value does not 
vary appreciably with i Increasing scattering 
material above the source (Table I). 

In addition to the point by point curve 
measured as above, a curve was obtained 
from the photoscans by means of a cali- 
brated photocopy process.* With this proc- 
ess, optical densities of less than a prede- 
maed amount can be erased from the 
original photoscan. The values can be con- 
verted to the counting rate over that par- 
ticular area of the film. Using this method, 
the half-width was 4.0 cm. (Fig. 3), which is 
larger than 3.2 cm. determined from the 1 
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Tage l 
RESOLUTION AND SENSITIVITY FOR DETERMINING 
DISTRIBUTION OF P™ FROM 
BREMSSTRAHLUNG RADIATION * 


Amount of 
water above 














Í ee 
3-cm. cube 4-5 22m 
(cm.) | 
ia iM ร ส ส ศ์ | ร น น น น น ร อ ร อ น น์ | EVER EPS A HEY i SLO 5 a aoo 
Resolution | 
(cm.) | CO | Bd | Oud: 
Sensitivity | | | 
(3-em. cube) | 31.4(109) | 16.2(109 | 10.6010) 
cpm/mc | | 
ASETE 0 GG ^ | » B d | M l aH แซะ ม i เซ ร ร ร ศศ ชร ศร 
cpm/mc/cm.?; 282.6(109 | 146.8(107 อ ๑6.4(105) 

| | ง 8000 pet 
Sensitivity | | 
" i 
(34:cim..di- i | 
ameter dish) | 
£ j i 
cpm/ mc ETE | 413 | 297 
ENP Eee USD VR 251 a 
; ; MEVS ; 
cpm/mc/em?|  — ไ 1186.6(1 ๐ 7) | 134. 3(108) 


* Instrument settings, unless otherwise noted: (base: 25 kev., 
integral. 7 hole collimator.) 

** Differential (base: 3$ kev., window: 109 kev.). 

Background (integral settings): 6 ๐ ๐ cpm. 

Background (differential settings): 58 cpm. 


minute counts. This difference is caused 
mainly by the memory lag of the photo- 
scanner,* which is 8 mm. at the scanning 
speed of 6 mm./sec. and a time constant of 
I sec. 

Scintigrams and photoscans of the 3-cm. 
cube containing 300 uc of P® were obtained 
with the top of the source at depths of ๐ .1, 
4.5, and 7.8 cm. below the surface of the 
water. The scintigram and photoscan with 
the photocopy reproductions of the cube 
placed 4.5 cm. below the surface of the 


cated. Similar scans were obtained at the 
other depths. 

The resolution and sensitivity for various 
testing conditions are summarized in Table 
1. In this study, resolution is defined as 


* The "memory lag" between the collimator detector system 
and the recording light was compensated automatically by the 
change in length of the rod connecting the detector and the light 
each time the scanning direction was reversed, 
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twice the distance the collimator axis must 
move from the edge of the source in order 
to decrease the counting rate to one-half 
the maximum. Hence, the resolution is the 
minimum distance required. between the 
edges of two equallv sized sources to detect 
them as separate sources. For the 7-hole 
collimator used in these studies, the resolu- 
tion for the 3-cm. cube was approximately 
0.3 cm. This value of 0.3 cm. will increase 
for smaller sources.* In previous studies 
with I?*;5 the resolution for this collimator 
for a point source was 1.65 cm.; for P*, the 
resolution should be slightly greater. 
Sensitivity values (in terms of counts per 
minute divided by the activity of the source 
in millicuries) were determined for both the 
integral (30-kev. base level and no window) 
and differential settings (35-kev. base and 
100-kev. window). As the amount of scat- 
tering material placed above the source was 
increased from o.t cm. to 7.8 cm., the 
counting rate decreased bv a factor of 3, 
i.e., 31,000 cpm /mc to 10,000. These values 
are in agreement with the phantom work 
done bv Kellershohn e£ a/? in which the 
spectra of P*? Bremsstrahlung radiation 
were studied with various amounts of scat- 
tering material placed above the source. By 
comparing the sensitivity values defined in 
terms of cpm per mc/cm.? for the 3-cm. 
cube with the values for the 24 cm. diame- 
ter dish, it is apparent that approximately 
75 per cent of all counts detected originate 
from an area 3 cm. in diameter. It should 
also be noted that the counting rate with 
the integral setting was 95.4(10?) cpm per 
mc/cm.?, which is approximately twice that 
with the differential setting, 46.8(10%). 
However, the background count rate was 
10 times higher for the integral setting, 
viz., 600 cpm in relation to ¢8. Thus, as in- 


dicated previously (Fig. 2), in instances of 
low count-to-background ratios, it would be 
particularly advantageous to use differen- 
tial settings to obtain the optimum count- 
ing conditions. 

For an approximation of the counting 
rate expected 77 vivo, it 1s assumed that the 
activity is located on a plane; the sensi- 
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Fic. 4. Photoscan, photocopies of the photoscan, and scintigram of the 3-cm. cube which contained 300 uc of 
p% are shown. The cube was placed at a depth of 4.5 cm. in a 12-cm. cube filled with water. Photocopies 
were made by the calibrated photocopy method,’ which makes it possible to know accurately the cpm 
erased. 
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tivity is expressed in terms of counting rate 
per concentration of activity per unit area, 
i.e., cpm divided by mc/cm.? To relate this 
to a clinical example, it is assumed that a 
peritoneal cavity has an area of approxi- 
mately 300 sq. cm. If a dose of 1$ mc of P? 
is distributed evenly over this area, making 
a concentration of 0.0§ mc/cm.?, and if the 
sensitivity of the system is xnown (Table 
1), the calculated counting rate over the pa- 
tient would be: 


134.3(103) X 0.05 = 6,700 cpm. 


The counting rate was measured over a pa- 
tient who received 1 4 mc of chromic phos- 
phate intraperitoneally. The measured 
value of 6,461 cpm agrees well with the cal- 
culated counting rate. The scan, including 
the scintigram, photoscan, and photocopy 
reproductions, is shown in Figure ¢. 

Other scans of patients are shown in 
Figure 6, 74 and 7 B. The scan in Figure 6 
shows the distribution in a patient who re- 
ceived 10 mc of P? intrapleurally. The 
scans in Figure 74 and 7; B show the dis- 
tribution in a patient who received 10 mc 
intraperitoneally. Because the scan in Fig- 
ure 74 indicated a higher concentration of 
activity at the site of injection, the scan was 
repeated after a 4 mm. lead filter was 
placed over the site of injection to illustrate 
better the distribution throughout the 
peritoneal cavity (Fig. 78). 


DISCUSSION 


The use of radioactive colloidal chromic 
phosphate in intracavitary therapy pre- 
sents a problem which is not encountered in 
the use of radioactive colloidal Au!?5; that 
is, P? does not emit gamma rays which can 
be used for the determination of its 77 vivo 
distribution. However, the P? produces 
Bremsstrahlung radiation which can be 
detected easily with a scintillation crystal. 
By use of a scintiscanner and photoscanner, 
the distribution of the radioactive P” can 
be determined accurately and automati- 
cally. Although the sensitivity for detection 
of Bremsstrahlung radiation is insufficient 
for diagnostic studies, the sensitivity 1s ade- 
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quate for distribution studies following in- 
tracavitary therapy. 

]t is important to know the resolution 
and sensitivity of a system which ts to be 
used in zz vivo distribution studies in order 
to determine whether radioactivity 18 lo- 
cated in pockets or is evenly distributed 
over the entire cavity. The limitations of 
the system for distinguishing between two 
areas of activity must be known so that 
erroneous interpretations of scans will not 
be made. Examples of scans of patients who 
have received chromic phosphate are shown 
in Figure 5 and 6. These scans indicate that 
good 10 อ ก was obtained. โท Figure 
74, however, a higher concentration of 
activity appears at the siteof injection. This 
high concentration has been noticed fre- 
quently and is attributable, in part, to 
some seepage along the site of the injection. 
However, if the sensitivity of the system is 
known, one can easily determine whether 
an area of this tvpe on the photoscan repre- 
sents a small amount of leakage, or whether 
the total dose has been infiltr ated into the 
tissues near the site of injection, rather than 
being placed within the cavity. For exam- 
ple, by using the data in Table 1, it can be 
calculated that if a total dose of 10 mc of 
P? were localized in an area of approxi- 
mately 3 cm. square, the expected counting 
rate over that area would be: (a) 31.4(10%) 
X102 314,000 if located 0.1 cm. from the 
surface and (b) 10.6(10% X 10 = 106,000 if 
located 7.8 cm. from the surface. The meas- 
ured counting rate over the area of higher 
concentration, shown in Figure 7.4, was 
43,574 cpm. This counting rate could repre- 
sent approximately 14 to 40 per cent of the 
total dose. When a sheet of lead 4 mm. 
thick was placed over the site of injection, 
the counting rate over the abdomen, exclu- 
sive of the area of increased concentration, 
was found to be 4,631 cpm. This finding is 
in agreement with the calculated value of 
4,431 cpm (calculated as in Results Section) 
for this patient. Therefore, only a small 
amount of the total dose could have infil- 
trated into the tissue immediately sur- 
rounding the site of injection. 
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7 -hole collimator 
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Fic. 5. Illustrated are photoscan, photocopies of photoscan, and scintigram of the abdomen of a patient who 
had received 15 mc of chromic phosphate intraperitoneally. The calculated count rate for this dose was 
6,700 cpm, which is in agreement with the measured value of 6,461. 
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Integral 6-1-60 


Fic. 6. The figure shows scans of the chest of a patient who had received 10 mc of chromic phosphate 
intrapleurally. Good distribution of the radioactive material is seen. 
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Fic. 7. (4) This patient received 10 mc of chromic phosphate intraperitoneally. The scan revealed a 
spot of high concentration, suggesting localization of the radioactivity at the site of injection. 
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à | ad shield over the area of high concentration. Counting 

Fic. 7. (B) The scan was repeated using a 4 mm. lead shield over the area of high concenti ise | p 

rates taken over these areas indicated that only a small amount of the total dose was infiltrated around the 
site of injection (see discussion). 
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SUMMARY 


A method 1s presented in which the dis- 
tribution of P* labeled colloidal chromic 
phosphate, used for radiation therapy, can 
be determined. This method requires only 
the conventional scintillation detection 
equipment and can be used either with or 
without pulse-height analysis. For zz vivo 
studies, an automatic scintiscanner is desir- 
able, although photoscanning equipment is 
not necessary. The resolution is comparable 
to that obtained with I, and the sensi- 
tivity is adequate for the therapeutic use of 
P, The sensitivity was determined with a 
2-inch Nal crystal and 7-hole collimator. 
For a 3-cm. cube filled with P? and placed 
below o.r cm. of water, the sensitivity was 
31,000 cpm/mc. The sensitivity was reduced 
to 11,000 cpm/mc when the cube was 
placed below 8 cm. of water. 


William C. Dewey, Ph.D. 
The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston 25, Texas 
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RADIOENCEPHALOGRAPHIC SCANNING WITH 
POSITRON-EMITTING As” 


By J. DONALD McQUEEN, M.D. 


BALTIMORE, MARYLAND 


Lo 


SWEET and Brownell^*! first utilized 
the directional properties of annihilation 
radiation in the external detection of intra- 
cranial neoplasms. In comparison with 
other external detecting svstems, positron 
scanning or coincidence counting offers a 
major advantage in the facilitv of its 
operation but suffers from the requirements 
of a high isotopic dosage. This study was 
directed to an inv estigation of the attain- 
ment, after clinical intra-arterial injec- 
tions, of benefits in terms of lowered dosage 
requirements and enhanced target isotopic 
concentrations. 


METHODS 


Nineteen patients were studied with 
comparative scanning following intracarot- 
id and intravenous injections of the posi- 
tron emitter As", These patients harbored 
the following histologically verified intra- 
cranial tumors: glioblastomas 10, meningio- 
mas 4, metastases 2, dermoid 1, pituitary 
adenoma 1,and Schmincke’s tumor with a 
temporal lobe extension 1. Most of the ghial 
and metastatic tumors were studied over 
protracted periods after operation. Scan- 
ning sessions were deferred after operative 
procedures, and seizures, respectively for 4 
and 2 weeks. The Sweet-Brownell 0 
scanner was used to provide simultaneous 
records of annihilation gamma radiation 
and lateralizing disparity in total gamma 
radiation. Scanning was initiated 1 hour 
after the time of injection; thereafter alter- 
nate lateral and sagittal records were ob- 
tained over a period of 4 hours. A scanning 
time of 35 minutes accordingly permitted 
the completion of 3 pairs of records per in- 
jection. In certain instances later scans were 


secured. Inorganic As“ was introduced into 
à common carotid artery through an 18 
gauge needle which was inserted with the 
usual roentgenographic technique. The iso- 
tope was thoroughly mixed with 15 ml. of 
normal saline and injected slowlv with 
digital compression of the external carotid 
artery. This compression was applied by an 
assistant who pressed medially, beneath the 
angle of the jaw until superficial temporal 
artery pulsations were obliterated. This oc- 
clusive maneuver differed from customary 
common carotid compression in that (1) the 
vessel was displaced medially and not pos- 
teriorly and (2) the site of compression lay 
above and not below the bifurcation. Our 
initial dosage for intravenous and intra- 
arterial injections was 2.3 mc and was equal 
to the original dosage reported by Sweet e 
al.” It was decreased, gradatim, through- 
out the course of these studies. Dosages are 
presentec on the basis of a 70 kg. weight. 
As well, scans are shown of (1) a patient 
with a parasagittal meningioma who re- 
ceived only an intracarotid injection of 
As™, (2) & patient with a large glioblastoma 
who received an injection of Cu® directly 
into an internal carotid artery, and (3) a 
patient with a vascular lesion who received 
an intravenous injection of As'**, 


RESULTS 


Initially, undiluted, common carotid, 
isotopic injections were delivered without 
compression. These induced a wide variety 
of promirent artifacts. The appearance of 
these deceptive deposits suggested that the 
small instillations of radionuclide (usually 
less than 3 ml.) ascended the arterial tree as 
boli, and unpredictably lodged in one or 


* From the Division of Neurological Surgery, Baltimore City Hospitals and the Johns Hopkins University School of Medicine, Balti- 


more, Maryland, 


Supported by contract AT (30-1) 2182 U. S. Atomic Energy Commission, grant C 3265, National Cancer Institute, National Insti- 
tutes of Health and an institutional grant from the American Cancer Society. 
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Fic. 1. Scans following the intra-arterial administration of As? to a patient with a right central glioblastoma. 
(4 and B) Lateral and sagittal scans obtained 2 days after the injection of 2.0 mc As?! into the right com- 
mon carotid artery with digital compression. (C) Lateral scan taken on the third dav after injection and 
(D) lateral scan taken on the fifth day. This injection was made early in the series and the dosage was un- 
necessarily high. The records obtained on the day of injection were undecipherable due to an intense tumor 


isotopic deposit. 


more of the external branches. This appor- 
tionment was adequately controlled with 
the use of diluted and well-mixed isotope, 
and the application of external pressure, al- 
though evidence of a limited flow to the in- 
ternal maxillary artery and other external 
branches was noted on most scans. The 
scans shown in Figure 1, 4-D were ob- 
tained early in the series at a time when the 
opportunity for dosage reduction was not 
appreciated. This patient harbored a glio- 
blastoma in the right central region; she re- 
ceived 2 mc of As™ via the carotid route 


(with digital compression). Tumor isotopic 
concentrations were excessive on the day of 
injection and were not adequately depicted 
with the tvpe of registry used. Later scans 


ing which persisted through the third dav 
after injection (Fig. 1, Zand C). Deposition 
of isotope in temporalis muscle mav be ex- 
cluded, and intracranial localization estab- 
lished, only with the complementary sagit- 
tal view (Fig. 15). A clear delineation from 
muscle facilitated identification of the 
tumor on the fifth day after injection (Fig. 
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1D). The isotopic deposit within this tumor 
was unusual and graphicallv exceeded that 
found on our scans which followed the con- 
ventional intravenous technique. The scan- 
ning results from a second patient who re- 
ceived a smaller but unnecessarily large in- 
tracarotid injection (1 mc As™) and an in- 
travenous injection (1.5 mc As“) are shown 
in Figure 2, 4-D. This ghoblastoma was 
located in the left frontal region. Tumor 
images, although detectable on all scans, 
are much more conspicuous on those se- 
cured following the intra-arterial injection. 
On the sagittal view, an extension of tumor 
across the midline mav be clearly seen. On 
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the lateral view, one zone is shown in which 
the isotopic accumulation within. tumor 
surpasses that of contiguous muscle. The 
isotopic stain noted on the lateral scan 
again may not be correctly placed without 
the complementary sagittal view. This was 
the first instance in which the dosage for 
intracarotid administration was signifi- 
cantly less than that for the intravenous 
route. Further decrements for both types of 
instillation were employed with later pa- 
tients. A right-sided glioblastoma is shown 
in Figure 3, 4-D. This patient received an 
intra-arterial injection of 500 uc As?*. Com- 
parative scans were secured following the 
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Fic. 2. Glioblastoma, left frontal region; a comparison of scanning following the administration of intra- 


venous and intra-arterial As™, (4 and B) Lateral and sagittal scans following the intravenous administra- 
tion of 1.5 mc As”, (C and D) Similar scans following the injection of 1.0 mc As* into the left carotid artery 


with digital compression. 
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Fic. 3. Right central glioblastoma; comparative scans following intravenous and carotid intra-arterial injec- 
tions. (4 and B) Lateral and sagittal scans following the intravenous administration of 750 uc As™. (C 
and D) Similar scans following the injection of 500 uc As™ into the right common carotid artery with 


digital compression. 


intravenous administration of 750 uc As". 
The tumor was again portraved on all 
scans. The depiction was much more vivid 
following the intra-arterial technique, des- 
pite the use of less 1sotope. These scans 
typify (in terms of legibility) the results 
with intrinsic tumors. The dosage scale of 
500 uc for the arterial route and 750 uc for 
the intravenous route appeared suitable for 
routine use and was employed for most of 
the subsequent patients. A smaller intra- 
carotid injection (100 uc) was used for I 
patient to gauge the minimal dosage re- 
quirement; his scans are shown in Figure 4, 
A and B. The coincidence counts are mea- 
ger (Fig. 4/7), but the unbalance record 


gives a fair indication of tumor size and 
shape (Fig. 48). These images are not ex- 
emplary; however, they do emphasize the 
diagnostic practicability of fractional dos- 
ages. An internal carotid artery was ex- 
posed for injection on only one occassion. 
In this instance Cu was used with the 
standard intravenous dosage of 3 mc.* The 
scans shown in Figure 5, 4 and B were 
made 7 hours after the injection and reveal 
an unmistakable tumor stain. The pH of 
available copper preparations is not suita- 
ble for routine use; however, these scans do 
indicate the large amount of isotope which 
may be extracted by tumor following a 
direct injection. 


em = 

Fic. 4. Left central glioblastoma; scans following the intra-arterial injection of 100 uc As™ to illustrate the 
results with minimal dosage. (4) Lateral coincidence record. (B) The simultaneous unbalance record (the 
straight marks indicate a left-sided lesion). This dosage is inadequate for routine use; however, the tumor 
depiction on the unbalance record is accurate. 


An enhancement of isotopic concentra- 
tions within meningiomas and other ex- 
trinsic lesions was not anticipated from an 
application of this technique. This expecta- 
tion was confirmed in the scanning studies 
of our extrinsic tumors (4 meningiomas, 1 
pituitary adenoma, I extradural, basal, 
metastatic tumor) as shown in the case of 
the suprasellar meningioma in Figure 6, 4 
and B. The comparative scans which fol- 
lowed intravenous administration are ac- 
tually superior in this case. The fortuitous 
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passage of some of the isotope through an 
imperfectly occluded external system dur- 
ing the intracarotid injection intensified 
part of the tumor image in this instance and 
in one other (an olfactory groove menin- 
gioma); however, this contribution was un- 
predictable and added little to the graphic 
definition of either tumor. The facile detec- 
tion of meningiomas with fractional iso- 
topic dosages suggests that these lesions 
concentrate enough radioarsenic to contra- 
vene the danger of diagnostic omission with 
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lic. 5. Right central glioblastoma. (4 and B) Lateral and sagittal scans following the injection of 3 mc Cu 
into the right internal carotid artery. This is the only tumor depiction with Cu“ and the only instance in 
which the isotope was injected directly into an internal carotid artery. 
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Vic. 6. Suprasellar meningioma; comparative scans with intravenous and carotid intra-arterial injections. (4) 
Lateral scan following the intravenous injection of 750 uc As”. (B) Lateral scan following the injection of 
soo uc As™ into the right common carotid artery with digital compression. The intra-arterial injection, 
expectedly, added nothing to the depiction of this extrinsic lesion. It is of interest that the tumor was 
shown with this small dosage—presumably because of an initial escape to the external system and recircu- 


lation. 


an unrestricted application of the arterial 
injection technique. The parasagittal men- 
ingioma shown in Figure 7, 4 and B was 
scanned after an intra-arterial injection of 
500 uc As™ which was administered at the 
time of angiography. This injection tech- 
nique was used inadvertently, for although 
the roentgenographic contrast study local- 
ized the lesion, it failed in its identification. 
Here again, the pickup at the time of recir- 
culation (and initially from any escape to 
the external system) was adequate for 
tumor definition. 


DISCUSSION 

Comar, in 1950, stressed the large tissue 
accumulations of Cu** which occurred dur- 
ing the first few minutes after an intraven- 
ous injection in experimental animals and 
suggested that the "tissues picked up a con- 
siderable portion of the element at the time 
of the first capillary passage." A large, 
initial effluence from the vascular compart- 
ment—at the time of the first tissue per- 
meation-—must occur after our intra-arter- 
ial injections to explain the darkened, glial 
tumor, scanning images. The mode of this 





Fic. 7. Parasagittal (falx) meningioma. (4 and B) Lateral and sagittal scans following the injection of £00 uc 
As™ into the left common carotid artery with compression. These again illustrate the fact that these small 
dosages (when recirculated) are adequate for the depiction of such a meningioma even if administered 
through the carotid system with a technique designed for the detection of intrinsic lesions. 
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extraction is not known; however, its ra- 
pidity suggests that binding to such ligands 
as sulfhydryl groups on the tumor cell mem- 
brane may be significant. 

Many of our intracarotid isotopic injec- 
tions were carried out after partial glial 
tumor resections—at a time, 1 or more 
months postoperatively, when comparative 
studies with intravenous injections were 
practicable. Our intra-arterial radionuclide 
instillations are now given to selected pa- 
tients at the time of angiography —either 
before or after the injection of contrast ma- 
terial, Scanning surveys are carried out im- 
mediately after the roentgenographic stud- 
ies, thus permitting rapid completion of 
diagnostic work-ups. The selected group 
includes tumor suspects who present with 
clear-cut localizing findings which prompt 
early angiography. The majority of our 
patients (ones appearing without manifest 
indications for angiography) receive an in- 
travenous injection. The arsenate dosage is 
soo uc for the intracarotid route, and 750 
uc for the intravenous route; these permit 
a reduction in total body radiation to 0.7 
and 1.0 rad, respectively. In both instances 
the 24 hour scans are abandoned: Under 
emergency conditions, single lateral and 
sagittal scans are obtained with their ad- 
juvant unbalance records. If time permits, 
3 serial scans are made-—1 lateral, 1 sag- 
gittal and a second lateral. 

A catheter may be passed into the inter- 
nal carotid artery for direct injections as 
suggested by Jaeger and Whiteley,’ or this 
artery may be punctured with the tech- 
nique of Ecker and Chamberlain.? We have 


used the conventional common carotid 
puncture with external compression in 


order to permit unhampered angiography. 

The need for complementary angiog- 
raphy in the diagnosis of (some) hemi- 
spheral lesions has been disclaimed.? We 
prefer not to withhold it in the presence of a 
well-defined isotopic blush. This policy 
helps to deter unnecessary explorations in 
a small group of patients with false positive 
scans, and adds useful information regard- 
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ing blood vessel delineation. False positive 
scans may be striking. Examples are noted 
by Sweet ef al,” and McAfee and Taxdal.? 
The term “false positive” is used here to 
indicate a group of scans which are not 
negative but which depict vascular, in- 
and ต เล แท ท. ' 
tumor. "One 5 of this pitfall Is n 
in Figure 8, 4 and B. This patient. pre- 
sented with a right hemiparesis of 3 weeks’ 
duration. Details concerning the ty pe of on- 
set were not available. His first specific 
diagnostic test was a scanning survey which 
followed an intravenous injection of As™; 
it revealed an unequivocally abnormal iso- 
topic accumulation in the left central 
region. This change seemed much more pro- 
nounced chan the indistinct patterns com- 


monly found with vascular lesions and 
strongly suggested the diagnosis of tumor. 


This appearance almost led to a direct ex- 
ploration which was fortunatelv avoided bv 
the demonstration of a middle cerebral ar- 
tery occlusion on a later angiogram. The 
genesis of this unusual isotopic deposit Is 
not known, perhaps it is related to late 
revascularization. 

The possible induction of scanning ab- 
normalities bv contrast media is a point of 
concern when scans are procured soon after 
angiography. Bender, in particular, has 
stressed this danger. How ever, Planiol,'? in 
her extensive series of patients studied after 
intravenous injections of iodinated al. 
bumin, found such a change on only 1 oc- 
casion (a contrast reaction). Similarly, Sy- 
mon," in a study of intracarotid P? injec- 
tions, found no specific probe-counting 
changes in the early postangiographic 
period. Our evidence with arsenic for both 
venous and arterial routes confirms the con- 

clusions or these latter 2 groups. We have 
noted no radioencephalographic alterations 
that were attributable to angiography even 
with sequential procedures. Intracarotid in- 
jections of arsenic have been unirritating. 
Intravenous copper injections are of well- 
established value; we have not used them 
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Fic. 8. Vascular lesion. (4 and B) Lateral and sagittal scans following the intravenous injection of 750 uc 
As™, These illustrate an unusual isotopic blush in a patient who presented as a tumor suspect. The intensity 
of this stain was such as to suggest the presence of a tumor, and tempt exploration without complementary 
contrast studies. A carotid angiogram subsequently demonstrated occlusion of the left middle cerebral 


artery. 


routinelv via the carotid route because of 
apprehension concerning the pH of avail- 
able preparations. The hazards of pH 
toxicitv with intracarotid injections have 
been recently examined by Wright." 
Three groups of patients are of special 
interest —those harboring (1) meningiomas, 
(2) Grade I astrocv tomas and other benign 
glial tumors, and (3) posterior fossa tumors. 
Of these, the meningioma group is of par- 
ticular concern because of the possibilitv of 
inadvertent radioencephalographic failures 
when small (500 uc) intracarotid injections 
of As™ are used with external compression. 
Fortunately, this hazard is offset by the 
relatively high accumulation of arsenic 
within these tumors (Fig. 6, 4 and 5 and 7, 
A and B). This propensity is well-known 
from the work of Sweet ef a/.,"7 who re- 
corded their highest tumor to brain ratios 
from meningioma samples. Our results indi- 
cate that, with these tumors, this affinity is 
such that a misdirected intra-arterial instil- 
lation of 500 uc As“ (with compression) will 
serve as an adequate intravenous injection 
on recirculation. Our glioma group was re- 
stricted to patients with malignant lesions 
and we do not have information concerning 
the diagnostically elusive benign gliomas. 
Intravertebral isotopic injections may be 
used for intrinsic posterior fossa lesions. We 


have used this technique successfully on 2 
occasions but feel that the need for a sepa- 
rate arterial puncture bars its application 
save for unusual diagnostic problems. 


CONCLUSIONS 

I. The use of intracarotid injections of 
As"! for coincidence counting brain tumor 
surveys 1s described. 

2. These may be administered to selected 
patients at the time of angiography. The 
dosage is reduced to 500 uc per 70 kg.; the 
resulting internal radiation is 0.7 rad. In- 
trinsic tumor images are intensified. Other 
patients receive an intravenous injection 
which is reduced to 750 uc (giving 1.0 rad 
internal radiation). The 24 hour scans are 
abandoned. 

3. For hemispheral tumors, the comple- 
mentary use of angiography with scanning 
survevs Is expedient in most instances. 
Division of Neurological Surgery 
Baltimore City Hospitals 


4940 Eastern Avenue 
Baltimore 24, Maryland 


The author is greatly indebted to Mr. I. 
Brown for his skilled technical assistance. 


REFERENCES 


I. BAGNALL, H. J., Benpa, P., BRowneE LL, G. L., 
and Sweet, W. H. Positron-scanning with 


344 ]. Donald 


copper-64 in diagnosis of intracranial lesions; 
partition of copper-64 versenate in, and excre- 
tion from, the body. Y. Neurosurg., 1958, r5, 
411—426. 

2. BENDER, M. A. Discussion. In: Medical Radio- 
isotope Scanning. International Atomic Energy 
Agency, Vienna, 1949, p. 208. 

3. Browne, G. L., and Sweer, W. H. Localiza- 
tion of brain tumors with positron emitters. 
Nucleontes, 1953, II, 40-46. 

4. Browne t, G. L., and Sweer, W. H. Scanning 
of positron-emitting isotopes in diagnosis of 
intracranial and other lesions. Acta radiol., 
โ 95 6, 46, 4257434. 

5. Comar, C, L. In: Copper Metabolism; A Sym- 
posium on Animal, Plant and Soil Relation- 
ships. Edited by W. D. McElroy and B. Glass. 
Johns Hopkins Press, Baltimore, 1950, pp. 
201—204. 

6. Ecker, A., and CHAMBERLAIN, R. H. Additional 
approach to internal carotid artery for cerebral 
angiography. 7. Neurosurg., 1947, 4, 4447450. 

7. Jaecer, R, and Wurrgrgv, W. H. Cerebral 
angiography by intravascular intubation 
technique. Am. J. Roenrcenor., Rap. THER- 
apy & NUCLEAR MED., 1955, 73, 735—747. 

8. Kine, E. R. Clinical radioisotope techniques. In: 
Atomic Medicine. Third edition. Edited by 


E 


McQueen AUGUST, 1963 


b 


C. F. Behrens. Williams & Wilkins Company, 
Baltimore, 1059, p. £94. 

McArzz, J. G., and Taxpar, D. R. Comparison 
of radioisotope scanning with cerebral angiog- 
raphy and air studies in brain tumor localiza- 
tion. Radiology, 1961, 77, 207-222. 

PrawiroL, T. Discussion. In: Medical Radioiso- 
tope Scanning. International Atomic Energy 
Agency, Vienna, 1959, p. 208. 


1o. 


11. Sweet, W. H., and BRowxEeLL, G. L. Localiza- 
tion of intracranial lesions by scanning with 
positron-emitting arsenic. 7.2. M. d., 1955, 
£57, 1183-1188. 

. Sweet, W. H, Meacey, J., JR., Aronow, S., 
and BROWNELL, G. L. Localization of focal 
intracranial lesions by scanning of rays from 
positron-emitting isotopes. In: Clinical Neuro- 
surgery; Proceedings of the Congress of Neuro- 
logical Surgeons, Miami Beach, Florida, 1959. 
Edited by R. G. Fisher. Williams & Wilkins 
Company, Baltimore, 1961, pp. 159-199. 


13. Symon, L. Small doses of intra-arterial ®P in 
location of cerebral tumours for biopsy. Brit. 
M. F., 1961, 2, 94796. 

14. WRIGHT, R. L. pH toxicity in intracarotid injec- 


tions; experimental study. dan, Surg., 1960, 
152, 941—946. 


Ss) 


VoL. go, No. 2 


IHE USE OF THE GAMMA CAMERA 
IN EN. a Or 





By PROVAN 
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N CLINICAL practice it is frequently of 

considerable importance to be able to 
obtain information regarding the distribu- 
tion of radioiodine within the thyroid 
gland. The determination of localization is 
particularly of importance when a "soli. 
tary” nodule is discovered in a young sub- 
ject. Such a nodule must be considered 
likely to be malignant. Operation is especial- 
ly indicated when the clinical suspicion is 
heightened by the demonstration of di- 
minished radioiodine accumulation bv the 
nodule. Although nodules that are ap- 
parentlv solitary are generallv of less signif- 
icance in older patients, it is often of im- 
portance in these subjects to determine 
radioiodine accumulation, particularly if 
there is asymmetry in the size or consist- 
ency of the thyroid gland. These studies 
can be performed by scanning the neck bv 
hand using a collimated Geiger counter but 
the results are ill-defined and of limited 
value. Reliable pictures of the radioiodine 
distribution can be obtained by scintiscan- 
ning—the technique, by which the neck is 
scanned by a collimated scintillation count- 
er moving automatically across and up the 
neck. This process, is, however, time-con- 
suming, especially if the sensitivity has 
been incorrectly set. The concept of scan- 
ning the neck by a method which would per- 
mit a rapid visualization of the accumula- 
tion of radioiodine over the whole neck 
simultaneously is therefore very attractive. 
This method of area observation has been 
made possible by the “gamma camera" 
(Ekco N. 668). The trial of this instrument 
reported here was designed to evaluate 
whether 16 provided adequate information 





for clinical use in the diagnosis of disorders 
of the thvroid gland. 


PRINCIPLES AND DESCRIPTION OF 
INSTRUMENT 


The system is based on the pin-hole 
camera technique with the ground glass 
screen or film replaced by a large crystal. In 
use, the gamma radiation is absorbed by the 
crystal and is examined by a series of photo- 
multipliers, to determine the position and 
energy of the radiation. The information is 
analyzed in the console and the individual 
incident gamma energies, which are ab- 
sorbed completely by the crystal, are ap- 

plied to the X-Y plates of a storage 

EE ray tube and presented pictorially. 
Permanent records are obtained by photo. 
graphing the picture with a self-processing 
camera. 

The gamma camera is housed 1 ท two 
units, The head unit is of lead construction 
with a pin hole of heavv metal allov, inside 

which are placed the crystal and 7 ‘photo- 
multipliers. The crystal size is 31" X 1", At 
the rear of the neg are tiis T ne 


the ao. Era enable do use 
of a single coupling cable. 

The console contains the pulse-height 
analyzer, summing amplifiers, X-Y ampli- 
fier, brightness generator, erase generator, 
storage tube and voltage supplies. The in- 
formation from the storage tube can be 


permanently recorded on a special self proc- 
essing camera which can give a fully proc- 


essed picture in under 23 minutes. It is 
also possible at the same time to continue to 
view the picture so that additional informa- 


* From the University of Glasgow Department of Medicine, Glasgow Roval Infirmary. 
Supported in part by the Scottish Hospitals Endowment Research Trust, and by Grant A 5444 from the United States Public Health 
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RIGHT 


LEFT 


Fic. 1. Gammascan of a thyroid phantom. Twenty- 
five uc of I?! had been placed in the left lobe and 
16 uc in the right. 


tion mav be recorded. Temporary storage 
in the cathode-rav tube is possible for up- 
wards of 24 hours if the picture has not been 
previously presented and for considerably 
shorter time if the picture is continuouslv 
presented. 


SUBJECTS AND METHODS 


Scanning of the neck with the gamma 
camera was performed in 102 patients. 
These subjects suffered from a variety of 
thyroid disorders, the majority having 
either nontoxic goiters or thyrotoxicosis. 
There was considerable variation 1 ท the de- 
gree of thvroid gland enlargement. The 
diagnosis was made on conventional clini- 
cal grounds and confirmed by radioactive 
iodine studies, usuallv a 24 hour gland up- 
take, and an estimation of serum protein- 
bound radioactivity at 48 hours. Further 
diagnostic procedures were carried out as 
indicated; for example, tests for thyroid 
antibodies and histologic examination of 
the thyroid tissue. In some of the patients 
in the initial part of the study, the dose of 
I?! administered was 25 wc, but subse- 
quently, with the exception of younger sub- 
jects, the dose was §0 uc. 

Scanning was carried out 24 hours after 
the administration of I?'. In the majority 
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of the patients, one or other of the authors 
observed the “build-up” of the scan image, 
taking photographs when it was considered 
that a satisfactory picture was visualized. 
[n order to evaluate the versatilitv of the 
instrument, however, in some patients ส 
nonmed cal assistant was instructed to take 
the photograph at the time she considered 
a satisfactory image present on the screen. 
RESULTS 

[n an initial evaluation of the equipment, 
studies were carried out using a glass 
"phantom" thyroid. Varying quantities of 
I?! were placed in each lobe and scanning 
carried out. The scan was repeated with the 
lobes interchanged in order to ascertain 
whether an equal picture was obtained on 
either side of the field. No obvious difter- 
ence was observed between the scans ob- 
tained when the lobes were reversed in this 
wav. It was clear that a difference in ac- 
cumulation could be detected with varia- 
tions in the I?! content of either lobe. This 
can be seen in Figure 1 which shows a scan 
of the phantom when one lobe contained 
25 uc and the other 1 5 uc. When the content 
varied by 20 uc, as shown in Figure 2, the 
difference between lobes was, of course, 
more obvious but it mav be noted that the 
lobe containing 5 uc could still be detected. 
These preliminary studies did, however, 
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Fic. 2. Gammascan of the thyroid phantom, the 
right containing 25 uc of I?!, and the left, s uc. 


suggest that a lobe content of 15 uc or more 
was desirable to obtain a satisfactory out- 
line. 

The photographs taken when the scan 
visualized on the screen had been con- 
sidered most satisfactory were reviewed. 
They were grouped as "good," "fair", or 
“poor” according to the clarity with which 
the outline of the thyroid gland could be 
seen. Forty-nine were graded as "good," 27 
as “fair” and 26 as "poor. 

In 73 patients the thyroid gland was 
symmetric in shape. The photograph was 
considered “good” in 26 of these, of whom 
16 were thvrotoxic. À tvpical example of a 
"good" scan obtained in a patient whose 
thyroid gland was just palpable is shown in 
Figure 3. The picture was graded as “fair” 
in 23 patients with symmetric glands, 11 
being in thyrotoxic subjects. Although 
these photographs did not show a "good" 
outline of the thvroid, in most cases the 
gland was satisfactorily visualized during 
the screening. 

“Poor” photographs were obtained 1n 24 
patients, only 8 of whom were thyrotoxic. 
It appeared therefore that good representa- 
tion of the gland outline was more readily 
obtained in thyrotoxic subjects. This can, 
of course, be explained on the basis of the 
higher I?! content of these glands. From 
the gland uptake of I?! which was measured 
following the scanning, it was possible to 





Fic. 3. Typical gammascan of a normal 
thyroid gland. 
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Fic. 4. Gammascan obtained in a patient who had 
4 * 
previously undergone thyroidectomy, demonstrat- 
ing residual functioning tissue on the left side only. 


obtain an approximate gland I! content. 
In 22 of the 24 patients in whom a "poor" 
photograph was obtained, the gland con- 
tent was less than 25 uc. Nevertheless, เท 9 
of these subjects a symmetric thyroid gland 
outline was visualized on the screen even 
though the subsequent photograph was un- 
satisfactory. 

[n 28 patients the accumulation of I?! in 
the neck was asymmetric. This asymmetry 
arose from a varietv of thvroid disorders. 
The reliability of the gamma camera in 
demonstrating such unequal distribution of 
1"! was best observed in 6 patients who had 
previously undergone partial thyroidec- 
tomy. A typical result in such a patient 1s 
shown in Figure 4, where it can be seen that 
the only functioning thyroid tissue in the 
neck is confined to one side. In the other 
patients the clinical problem arose when a 
single swelling or nodule was palpated and 
it was essential to ascertain the 1odine-ac- 
cumulating capacity of this mass. It was 
demonstrated that the nodule was hyper- 
functioning, the so-called “hot nodule,” in 

< patients. The photograph was graded 
"good" in 11 of these patients, "fair" 1n 2, 
and “poor” in 2. A typical example, a soli- 
tary hyperfunctioning nodule, subsequently 
shown by thyroxine supression tests to be 


E 
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Fic. 5. (4) Gammascan obtained in a patient with a 
hyperfunctioning autonomous nodule. The photo- 
graph demonstrates the complete localization in 
the right sided nodule in relation to a point-source 
of I?! placed in the suprasternal notch. (B) Hand- 
scan of the neck of the same patient as in 4 showing 
evidence of increased accumulation on the right. In 
this and subsequent illustrations the neck is 
diagrammatically presented, the central boxes 
representing the cartilages. 


autonomous, 15 shown in Figure 54. The 
localized accumulation of I?! by this nodule 
can be seen in relation to a point source of 
I?! placed in the suprasternal notch. This 
procedure provided a reference point by 
which a photograph could be compared 
with clinical findings. No significant ac- 
cumulation can be seen in the remaining 
thyroid tissue. On theother hand, the hand- 
scan, shown in Figure 5B suggested that 
the remaining tissue had retained concen- 
trating ability for I?', which, although di- 
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minished in comparison with the nodule, 
was still considerable—a surprising finding 
in association with an autonomous nodule. 
In some other glands the palpable nodule 
was shown merelv to possess some enhanced 
avidity for I”! in relation to the remaining 
tissue. In these instances, the increased ac- 
cumulation was seen but was less obvious 
than in the previous example. Figure 6 
shows such a case in which the outline of 
the gland is visualized but with greater 
localization of I?! over the nodule. In pa- 
tients such as these, study of the screen 
during the scan proved to be of considerable 
value since it was possible to observe the 
“build-up” of radioactivity over the nodule 
at an earlier period than over the rest of the 
thvroid gland. Moreover by operating the 
contrast control, it was possible to darken 
the intensity of the image. In this way the 
picture could be manipulated so that only 
the greater localization of activitv over the 
nodule could be seen, as the lesser activity 
in the rest of the gland was faded out. 

The accumulation of I?! was shown to be 
diminished over a unilateral thyroid mass, 
either a cyst or a "cold nodule,” in 7 pa- 
tients. In all of these the photograph was 
considered to be satisfactory. Observation 
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lic. 6. Gammascan of a patient with a nodular 
goiter, in which there was one prominent and firm 
nodule. Increased localization is seen in this 
nodule. 
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of the screen during scanning was particu- 
larly valuable in this group since it per- 
mitted the operator to see the absence of 
any accumulation of I™ in the suspected 
area during the time that the image of the 
remaining normal tissue gradually ap- 
peared. Use of the contrast control again 
proved to be extremely helpful. Figure 74 
shows a picture obtained ina patient with a 
large cyst in one lobe. It can be clearly seen 
that there is insignificant I?! content over 
this cyst, whereas the other lobe is readily 
observed. Hand-scanning also showed di- 
minished accumulation over the cyst but, 
as shown in Figure 7, the difference be- 
tween lobes was less obvious. Hand-scan- 
ning was, however, incapable of demon- 
strating the impaired concentration of [!?! 





Fic. 7. (4) Gammascan of a patient in whom there 
was a large cyst in the right lobe of the thyroid 
gland. Diminished accumulation of I™ in this lobe 
is demonstrated. (B) Hand-scan of the same pa- 
tient as in 4 showing some diminution in I?! ac- 
cumulation in the right lobe. 
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[“16. 8. (4) Gammascan of a patient in whom there 
was a firm nodule in the right lower pole of the 
thyroid gland. The position of this nodule is indi- 
cated by the white circle. The impaired accumula- 
tion of I?! in this area can be seen. (B) Hand-scan 


of the neck of the same patient as in 4 showing the 
failure of this technique to demonstrate the im- 
paired iodide accumulating capacity of the nodule 
in the right lobe. 


(« 


in the small “cold nodule” in the lower pole 
of the thyroid of another patient. Figure 8/7 
shows that there is diminished accumula- 
tion in this lower pole. This was seen even 
more clearly on the screen with the use of 
the contrast control. The hand-scan (Fig. 
8B) was unable to differentiate the cold 
area from the rest of the I?! accumulated in 
the remaining normal tissue of that lobe. 
At a subsequent operation, this cold area 
was found to be a small cvst in the thyroid 
gland. 

A further dramatic demonstration of the 
value of the gamma camera was obtained in 
the study of a dwarfed adolescent whose 
impaired growth was the result of hypo- 








Fic. 9. C4) Hand-scan of the neck of a dwarfed 
adolescent showing that the only I?! accumulation 
was in an ectopic site above the hyoid cartilage. 
(B) Gammascan of the neck of the same patient 
as in 4 showing the suprahyoid localization of I??!, 
The position of the suprasternal notch is indicated 
bv the cross. 


thvroidism caused by thyroid dysgenesis. 
The ectopic thvroid remnant, which was 
functioning but producing inadequate 
quantities of thyroid hormone, lay above 
the hyoid cartilage. Hand-scanning of the 
neck showed that the only accumulation of 
I?! was in this site (Fig. 977). This localiza- 
tion was also demonstrated bv the gamma 
camera (Fig. 9B). However, while the iden- 
tification of the minute focus of ectopic 
thyroid tissue was only achieved by a pro- 
longed and careful search with the hand- 
scanner, the accumulation was visualized 
within a few minutes with the gamma 
camera. 
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DISCUSSION 


This trial has demonstrated that the 
gamma camera 1s of value in clinical prac- 
tice in the investigation of diseases of the 
thyroid gland. The equipment used in this 
study was a prototype model and we have 
made a number of suggestions to the manu- 
facturers regarding technical modifications 
and alterations to the lay-out of the control 
panel that may facilitate the operation of 
future models. In particular, some difficultv 
was experienced in positioning the patient. 
An improved stand or the use of a “float” 
bed is therefore essential. We understand 
that future models will contain a scintilla- 
tion crystal of greater diameter and more 
detectors. The consequent increased sensi- 
tivity should provide an improvement in 
the clarity of the image seen on the screen. 
It appeared that with the 7 detectors in 
this instrument a gland content of at least 
25 uc of radioiodine was essential before a 
satisfactory photograph could be ensured. 
Photographs classed as "good" were only 
obtained in 35 per cent of patients with 
symmetric thyroid glands. In a much 
higher proportion, however, the outline of 
the thyroid gland was clearly visualized on 
the screen. The use of a more sensitive film 
might result in improved photographs. 
However, the advantage of directly viewing 
the “build-up” of the image on the screen 
ratner than examining the terminal photo- 
graph became apparent when the patients 
with asymmetric glands were examined. It 
may be emphasized that scanning is of 
greatest clinical value in this group of pa- 
tients and that the technique should not be 
evaluated purely on its ability to provide 
elegant pictures of symmetric glands. It 
was our experience that the gamma camera 
provided the required information regard- 
ing the distribution of the radioactivity in 
the neck in these patients with asymmetric 
thyroid gland swellings. This was most 
satisfactorily obtained by close observation 
of the dynamic development of the image 
on the screen, aided by use of the contrast 
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control. It became evident that, to obtain 
maximal information, the scanning had to 
be performed with a knowledge of the 
clinical problem arising in each patient, and 
with palpation of the neck prior to screen- 
ing. This is particularly important since the 
image on the screen does not bear a 1:1 
relationship with the size of the thvroid 
gland. It mav accordingly be difficult to re- 
late areas of activity on a photograph to the 
clinical findings. 

We consider therefore that it is desirable 
that a clinician operate the equipment. This 
might be thought to be a disadvantage of 
this equipment as compared to the more 
standard technique of scintiscanning. In 
the latter method a counter automatically 
moves across and up the neck of the patient 
recording the radioactivity on a chart. It 
requires little technical supervision, but 
does take 20 to 30 minutes to complete a 
scan for each patient. On the other hand, 
the image obtained with the gamma camera 
is rapidly seen. In the patients in whom 
"good" or "fair" photographs were ob- 
tained, the picture was taken in less than 12 
minutes in all patients and in less than 6 
minutes in the majority. In the patients 
with assymetric glands, especially those 
with "hot nodules," the rapidity with 
which the image could be seen was es- 
pecially of value, since the localized area 
of increased accumulation of I! was ap- 
parent at a very early stage. This rapid 
“build-up” also permitted repeat scanning 
to be carried out without inconvenience. 
The image may be erased at any time and 
the scan restarted immediately. With 
scintiscanning if on completion of the first 
scan it transpires that the contrast control 
has not been satisfactorily set, a further 
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scan will be required with a further long 
period of immobility for the patient. 

It is difficult to compare the techniques 
of the gamma camera and scintiscanning 
since the value of the former lies in the 
more dynamic visualization of the accumu- 
lation of I?! comparable to roentgenologic 
“screening.” It is probable that a more 
clear-cut record of the distribution of radio- 
activity in the thyroid gland will be ob- 
tained by scintiscanning than with the 
gamma camera. It 1s, however, considered 
that the gamma camera can provide the 
clinician with the required clinical informa- 
tion more rapidly and with less inconven- 
ence to the patient. 


SUMMARY 


The gamma camera provides a method 
by which the distribution of radioactivity 
throughout the whole neck may be simul- 
taneously visualized. Its value in demon- 
strating the localization of radioactive io- 
dine in the thyroid gland has been studied 
in 102 patients. The technique has been 
found to be of value in the diagnosis of 
thyroid disorders, especially in patients 
with asymmetric enlargement or nodules in 
the thyroid gland. 
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BOUND RADIOIODINE (PBI™) CONVERSION 
RATIO WITH AN ION EXCHANGE RESIN* 


By CARL J. COLLICA, B.S.,t O. L. MANFREDI, M.D. į and SIDNEY RUBENFELD, M.D.§ 


NEW YORK, NEW YORK 


HE validity of the 24 hour protein 

bound radioactive iodine (PBI) con. 
version ratio, as determined bv the use of 
protein bound iodine resin ion exchange 
method, has long ceased to be a matter for 
conjecture. 8- [t is a valid procedure, and 
the most pertinent of contemporary inves- 
tigations are concerned with establishing 
its intrinsic degree of reliability and in seek- 
ing to recognize and reduce whatever defi- 
ciencies exist. 

Conversion ratios were performed on 200 
patients, The values obtained were then 
compared with other procedures, including 
the standard precipitation method using 10 
per cent trichloracetic acid (T.C. A.), the 2 
hour and 24 hour I?! uptake study and the 
saliva PBP® ratio. Of these 200 patients, 

37 were subsequentlv classified as euthy- 
roid, 37 as hyperthyroid, 13 as hvpothy- 
roid, with 13 representing questionable 
diagnostic states. 

All patients were subjected to a complete 
medical examination, including a thorough 
historv, and all laboratory procedures were 
conducted under the supervision of 2 com- 
petent radioisotope technicians. 

This report is a comparative review of the 
merits of the resin ion exchange versus the 
precipitation methods of determining the 
24 hour conversion ratio. The matter at 
hand is not one of meaningful words but of 
pertinent, defined statistics which are pre- 
sented on accompanving figures and are 
self-explanatorv. 


MATERIALS AND METHODS 


Twenty-four hours after the administra- 
tion of I?! (oral tracer of approximately 50 
pe of sodium radioiodide), a sample of 
whole blood was obtained and the conver- 
sion ratio was performed by two distinct 
procedures, the T.C. A. and the resin ion ex- 
change method. 

The precipitation of PBI?! with trichlor- 
acetic acid was performed in the following 
manner: 


1. Obtain ro ml. of heparinized blood 24 
hours after an oral dose of I?! 

2. Centrifuge to obtain clear plasma 

3. Using pipette, transfer 4.0 ml. to 
clean test tube; mark level with cravon 

4. Place in. well counter; obtain total 
counts per minute 

& Add, drop-wise while stirring, 10 per 
cent trichloracetic acid (T.C.A.) to fill tube 
to three quarters full 

6. Using applicator sticks, beat the mix- 
ture until a fine particulate suspension 1s 
obtained 

7. Allow to sit for at least 5 minutes, cen- 
trituge, pour off clear supernatant fluid 

8. Refill with T.C.A., resuspend the 
precipitate, then centrifuge again 

g. Pour off supernatant and pick up ex- 
cess T.C.A. from inside tube with filter 
paper 

1o. Add to per cent NaOH to crayon 
mark restoring original volume; stir to dis- 
solve precipitate 


* From the Radioisotope Department of Bellevue Hospital Center and St. Vincent's Hospital, Staten Island, New York. 
T Physicist, Bellevue Hospital and Clinical Instructor of Radiology (Radiological Physics), New York University School of Medicine, 


New York, New York. 


1 Director of Radiology, St. Vincent's Hospital and Clinical Assistant of Radiology, New York University School of Medicine, New 
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Fic. 1. Conversion ratio determination in 137 clinically euthyroid patients. 


11. Place in well counter, obtain counts 
Pe minute 
. Conversion ratio (per cent) = 
N aOH count— bac kground count 
๒ 0 1 ล ฝ ท 7 ร 7130 0 x TOO 
Plasma count — background count 


An identical s sample of plasma was then 
processed through an ion exchange resin* in 
the following manner: 


I. Prepare Rezikit: Remove polvethyl- 
ene resin column from precalibrated test 
tube. Tap end with screw-cap on solid sur- 
face to remove air pockets. Remove cap 
and place nozzle down into test tube. Cut 
off sealed end of polyethylene tube, remove 
cotton and saturate with saline. Remove 
excess saline by folding flap over onto itself 
and gently squeezing. Discard saline from 
plastic tube and replace resin column 
2. Obtain 6 ml. heparinized whole blood 

24 hours after oral dose of [: 

3. Centrifuge to obtain clear plasma 

4. Using clean volumetric pipette trans- 
fer 2.0 ml. to clean precalibrated test tube— 
measuring I to IO cc. 


* Supplied as PBI Rezikit by Dr. Paul Numerof, The Squibb 
Institute for Medical Research, New Brunswick, New Jersey. 


5. Place in well counter and obtain 
counts per minute per cc. 
6. Pour the plasma into the resin column 
and allow to wash through 
7. Add 3 cc. saline to original test tube 
and wash through resin column 1 cc. at a 
time 
8. Squeeze column gently as in Step 1 
and if necessary wash more — 
column to bring sample to ร cc. level 
9. Place in well and obtain nox per 
minute per cc. 
10. Conversion ratio (per cent) = 
PBIX t.1 (correction factor) 
— background count 
ENTRE TROMPE UENIRE พ = X ioo 
PBI--I — background count 


The samples of plasma were counted in a 
scintillation well detector svstem. The 
crystal was a 2X2 inch sodium iodide (TI) 
and the scaler was a glow transfer tube 
type. A minimum of 5,000 counts were ob- 
tained per sample. 


RESULTS 
The 24 hour I conversion ratio de- 
termination as performed with the protein 
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lic. 2. Conversion ratio determination in 37 cliracally hyperthyroid patients. 


bound iodine resin ion exchange column was 
as diagnostically accurate as the precipita- 
tion method with trichloracetic acid. The 
values bv the two methods closelv paral- 
leled one another. In the clinically euthy- 
roid patients (Fig. 1), the resin ion exchange 
method vielded a percentage of 83.3 in the 
normal range of 11 per cent to 45 per cent. 
In the hyperthyroid patients (Fig. 2), an 
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over-all percentage of 94.2 fell within the 
hyperactive range of 46 per cent to 100 per 
cert. In the clinically hypothyroid patients 
(Fæ. 33, the conversion ratio as performed 
with the resin ion exchange method was 
demonstrated to be highly accurate, with a 
percentage of 91.7 within the o to Io per 
cent hIwpoactive range. In evaluating the 
total distribution of patients, the results of 
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Fic. 3. Conversion ratio determination im 13 clinically hypothyroid patients. 
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the two methods yielded similar ranges. It 
is our impression that the values of the 
conversion ratio obtained with the Rezikit 
are as diagnostically accurate as the T.C.A. 
method. 


COMMENT 


Apparentlv, in removing half of the resin 
column, little change was noted in assaving 
the same sample of plasma. A number of 
conversion ratios were also determined with- 
out the use of the glass wool top and this 
also had little effect on the result. There 
were occasions in which the resin column 


method did not agree with the remainder of 


the thyroid profile or clinical status. This 
prompted us to re-perform the examination 
with Rezikit from a different batch. This in- 
variably vielded a correct value. 


Some workers claim that particles of 


protein bound iodine are inadvertently 
poured out in the supernatant fluid with 
the T.C.A. method, but this was checked 
by counting the supernatant fluid of nu- 
merous tests and the results indicated only a 
negligible loss. It has also been stated that 
protein bound iodine adheres to the appli. 
cator sticks during the beating of the mix- 
ture for the obtainment of a fine particulate 
suspension, but this was refuted by count- 
ing the applica tor sticks in the well counter, 
for no activity could be detected. 


CONCLUSION 


This report describes the results of the 
determination of the protein bound I"! 
conversion ratio in 200 patients calculated 
after precipitation with trichloracetic acid 
and through use of an ion-exchange resin. 
The data indicate that the two methods are 
of equal usefulness as diagnostic proce- 
dures in the determination of thyroid ac- 
tivity. The technique utilizing an ion ex- 
change resin in the evaluation of thvroid 
status has become established as a diagnos- 
tic. procedure which is highly reliable, 
easily managed and without any major 
contraindications. There are clinical rea- 
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sons which support the 24 hour PBP® con- 
version ratio as representing the procedure 
of choice in the differential diagnosis of 
thyroid and associated malfunction states. 


Carl J. Collica, B.S. 
Radioisotope Department 
Bellevue Hospital Center 
First Avenue and 27th Street 
New York 16, New York 
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REPRODUCIBILITY OF MAMMOGRAPHY* 
A PRELIMINARY REPORT 
By ROBERT L. EGAN, M.D.f 


INDIANAPOLIS, INDIANA 





OLLOWING the report of the results of 

1,000 consecutive soft tissue roentgeno- 
graphic examinations of the breast per- 
formed at The University of Texas M.D. 
Anderson Hospital and Tumor Institute’, 
study programs were devised in May, 1961, 
to test the accuracy of mammography in 
various institutions and by various radio- 
logists. 

Three phases were outlined: two retro- 
spective and one prospective. 

One retrospective phase would be contin- 
uation of the study to see if the original re- 
sults could be duplicated. The other retro- 
spective phase would be compilation of 
data from radiologists who had visited the 
M. D. Anderson Hospital and Tumor In- 
stitute, had gone through the mammogram 
files and studied the technique of mam- 
mography used at our institution. These co- 
workers had voluntarily set up their own 
mammography programs. 

The prospective phase was designed in 
collaboration with the M. D. Anderson 
Hospital and the Cancer Control Program 
of the U. S. Public Health Service, with 
technical consultation from the National 
Cancer Institute, for a more rigidly con- 
trolled studv with a specific protocol and 
carried out in institutions invited to par- 
ticipate. 

Although this is primarilv a report of the 
roentgenographic aspects of mammogra- 
phy, much credit must be extended to the 
various teams of surgeons, pathologists and 
radiologists 1n each participating group. 

MATERIAL AND METHODS 

The high milliamperage-low kilovoltage 

technique developed for maximal roent- 


genographic detail has been employed. 
Roentgenograms in two views of each 


breast and in one view otf the axilla were 
routinely obtained. The roentgenographic 
interpretation was done without knowledge 
of the clinical findings. A code number 
designating the roentgen diagnosis was ap- 
pended at the original reading. The pa- 
tients, after being examined in the breast 
clinic, were referred for mammography be- 
cause of signs and symptoms or question- 
able signs and symptoms of breast disease. 
The pathologist’s final report of the biopsy 
material, radical mastectomy specimen, or 
postmorten findings was used as the diagno- 
sis. The period of study was from May, 
1956 through May, 1962. No cases were ex- 
cluded on the basis of the technical quality 
of the mammograms. 

A form indicating the number of mam- 
mograms made, the number of breast biop- 
sies performed, the correct diagnosis, the 
false-positive and the false-negative diagno- 
ses was sent to the numerous participating 
radiologists who had visited our depart- 
ment. These radiologists had spent one 
week in reviewing the mammogram files 
and in familiarizing themselves with our 
technique; they then returned to their re- 
spective institutions, set up the same tech- 
nique and carried out the examinations af- 
ter the pattern of the author. 

For the prospective reproducibility mam- 
mography project, 24 geographically lo- 
cated clinical institutions throughout the 
United States were selected for participa- 
tion. Upon agreement to participate, a 
radiologist from each institution then spent 
a week’s training in mammography. The 
protocol was discussed with each team of 
surgeons, pathologists and radiologists. 
Participants were to supply a total of ap- 
proximately 2,000 cases. 

Consecutive patients presenting with a 





* From the Department of Radiology, The University of Texas M, D. Anderson Hospital and Tumor Institute, Houston, Texas. 
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breast lesion that was to be biopsied made 
up the study group. The surgeon filled out a 
form describing the clinical findings; this 
was mailed immediately to the U. S, Public 
Health Service for collating and analysis. 
The patient then had her mammogram 
made; the radiologist's report, without 
knowledge of the clinical findings, was also 
immediately mailed. Following biopsy, the 
surgeon filled out another form indicating 
the exact location of the biopsv site. The 
local pathologist recorded his findings. The 
mammograms were then reviewed by the 
author, and all tissue blocks were restudied 
by a single pathologist. The local patholo- 
gist's diagnosis was accepted as final unless 


disagreement arose as to the malignancy of 


an incompletely treated lesion; then the 
difference of opinion was resolved by fur- 
ther study. 


RESULTS 


In Table 1 are shown the results of the 
author's first 1,000 cases. In Table 11 are 
given the results of 6 vears' experience 


with mammography. During the period of 


study there was a total of 2,352 patients in 
the institution coming to biopsy, with 1,787 

malignant lesions and 565 benign lesions. Of 
these mammography had been performed 
in 728 cases of malignant and 489 of benign 


Tagg I 


DIAGNOSIS IN 1,000 MAMMOGRAMS AS INTERPRETED 
AND CODED WITHOUT KNOWLEDGE OF THE CLINICAL 
FINDINGS AT THE M. D. ANDERSON HOSPITAL FROM 
MAY, I956 TO MAY, I959. “CLINICALLY NEGATIVE" 
INDICATES BREASTS NORMAL TO PALPATION 





Coded Clini- 
Type of — - cally 
Lesion Total Be- Nega- Malig- Nega- 
ngn tive nant tive 
Biopsied 
Malignant 248 ๐ 7 241 ob 
Benign 179 162 ๐ 17 ๐ 
No Lesion 4 ว 4 ๐ ๐ 
No Biopsy 
Benign 248 248 ๐ ว -- 
No Lesion ว 21 o 321 ว 321 
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Reproducibility of Mammography 


Tage HH 


DIAGNOSIS IN 3,818 CONSECUTIVE MAMMOGRAMS AS 

INTERPRETED AND CODED WITHOUT KNOWLEDGE OF 

THE CLINICAL FINDINGS AT THE M. D. ANDERSON 

HOSPITAL FROM MAY, 1956 THROUGH MAY, 1962. 

“CLINICALLY NEGATIVE" INDICATES BREASTS NORMAL 
TO PALPATION 


Coded Clini- 
Type of M cally 
Lesion Total Be. Nega- Mali ig- Nega- 
ngn tive nant tive 
ee 
Malignant 728 11 P» « UO 76 
Benign 482 43% o 44 ๐ 
No Lesion 3 ๐ 7 ว ๐ 
No Biopsy 
Benign 1:412" — 5437 ๐ ๐ — 
No Lesion 1,164 ๐ 1,164 ๐ 1,164 


lesions. The agreement in roentgenographic 
and pathologic diagnosis was 94.6 per cent, 
the sensitivity (percentage of malignant 
lesions correctlv diagnosed) 97.1 per cent, 
and the specificitv (percentage of benign 
lesions correctly diagnosed) 91.0 per cent. 

The composite results of 30 radiologists, 
not part of the reproducibility project, are 
shown in Table ur. Their agreement in 
diagnosis was 93.7 per cent, sensitivity 88.6 
per cent, and specificity 96.1 per cent. This 
represented a total of 888 patients coming 


Tanrxr Ill 
COMPOSITE DIAGNOSES IN 6,043 CONSECUTIVE MAMMO- 
GRAMS AS INTERPRETED BY 30 RADIOLOGISTS, NOT 
PART OF THE REPRODUCIBILITY PROJECT, 1960 TO 





1962. "CLINICALLY NEGATIVE" INDICATES BREASTS 
NORMAL TO PALPATION 
Roentgenographic Diagnosis 

Type of Malig- Clinically 
Lesion Total Benign nant Negative 
Biopsied 
Malignant 290 33 257 26 
Benign $98 575 24 = 
No Biopsy 
Benign or 
Normal $,155 res -- — 


C 
Ur 
OD 


Taste IV 


COMPOSITE DIAGNOSES IN 437 CONSECUTIVE MAMMO- 

GRAMS AS INTERPRETED WITHOUT BENEFIT OF CLINI- 

CAL INFORMATION BY RADIOLOGISTS PARTICIPATING 

IN THE MAMMOGRAPHY PROJECT, 1961 TO 19652. ALL 

PATIENTS COMING TO BIOPSY HAD A PALPABLE 
BREAST LESION 


Roentgenographic Diagnosis 


Type of Lesion Total Benign Malignant 
Malignant 218 S4 164 
Benign $57 481 56 


ณา AAN A a E A PIANA 1 31111111 3 31 11 ๐ 11111315 1+11111+1 ฟ ๐6 ๐ 


to biopsy with 290 malignant lesions and 
598 benign lesions. 

The preliminary report on the reproduci- 
bility study up to September 1, 1962, on 
755 cases is shown in Table 1v. There were 
218 malignant and $37 benign lesions. The 
agreement in diagnosi was 85.4 per cent, 
0 75.2 Do ent, and specificity 


ice a ay stress ae ic data 
be considered incomplete and tentative 
until closer and more complete analvses can 
be made. 

DISCUSSION 

In a cancer institution one should expect 
a higher incidence of malignant disease and 
an older patient group in which mam- 
mographv is more easily accomplished. 

It was the consensus of about two dozen 
visiting radiologists, prior to the institution 
of this study, that at least a 5 day period of 
concentrated study of numerous mammo- 
grams on file and doing the current cases 
was necessary to give a clear concept of the 
diagnostic principles of mammography. It 
was on that basis that the period of one 
week's training was adopted. Further ex- 
perience tends primarily to overcome one of 
the inherent faults of the approach to mam- 
mography: The simplicity of the technique, 
requiring no special equipment or 0 0 
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fails to impress upon radiologists that 
roentgenograms of maximal detail are para- 
mount and precise attention to the tech- 
nique Is necessary to produce that detail. 

As experience with mammography is 
gained, there is a tendency for a higher sen- 
sitivity and lower specificity on the part of 
the roentgenologist. There is some indica- 
tion that accumulating experience and ad- 
ditional training may lead to a greater 
accuracy in diagnosing breast lesions by 
mammography. 

Patients coming to biopsy following 
mammography in these series have had the 
ratio of malignant to benign disease of 3:1, 
1:3 ง 4592.5 


SUMMARY 


Two retrospective studies on the repro- 
ducibility of mammography and a prelimi- 
nary report on a controlled prospective 
studv have been presented. 

In the three studies, the agreement of the 
roentgenographic with the pathologic diag- 
nosis Was 85.4 to 94.6 per cent, malignant 
lesions correctly diagnosed 75.2 to 97.1 per 
cent, and benign lesions correctly diag- 
nosed 87.9 to 96.1 per cent. 
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SOFT TISSUE ROENTGENOGRAPHY OF 
IHE BREAST* 


AN ANALYSIS OF THE FACTORS WHICH INFLUENCE ROENTGENO- 
GRAPHIC QUALITY AND DESCRIPTION OF A NEW TECHNIQUE 


By THEODORE E. 


KEATS, M.D.,+ GEORGE F. 
M.D.,§ and DARRELL D. WOOD, R.T. 


KOENIG, R.T.,t KENNETH L. RALL, 


i 


COLUMBIA, MISSOURI 


OFT tissue roentgenographv of the 

breast is gaining increasing acceptance 
as a diagnostic method. Most of the current 
methods have been based on techniques us- 
ing high milliamperage, low kilovoltage, no 
intensifving and fine grain 
film. ?5-? These techniques necessitate the 
use of special film, long exposures and high 
radiation dosage to the patient. Because of 
these disadvantages, we have undertaken a 
studv of the factors which influence roent- 
genographic quality and are presenting 
what we believe to be an improved tech- 
nique which obviates these shortcomings. 


Screens. 


METHODS AND RESULTS 
In our investigation, we were interested 
in evaluating the effects of kilovoltage, fil- 
tration, cassettes and screens, film type and 
magnification on roentgenographic quality. 


To fill the need for a test object, a phantom 
was constructed consisting of a plastic con- 
tainer filled with lard with an embedded 
bacon strip. Lard simulates the fat of the 
breast and the bacon the fibrous and glan- 
dular strands. An attempt was made to 
maintain constant roentgenographic den- 
sity in each test film by varying milliam- 
perage and time. 

Kilovoltage. It is generally agreed that 
because of the small bulk of the breast and 
its high fat content, low kilovoltages are re- 
quired for adequate roentgenographic con- 
trast. The anatomic structures of the 
breast are so similar in roentgenographic 
density that their differentiation can only 
be accomplished by contrast enhancing 
techniques. In this experiment, the phan- 
tom was roentgenographed at so kv., 40 
kv., 30 kv., and 27 kv. (Fig. 1). It is ap- 


te | 





40 KV 
3.75 MAS 


50 KV 
1.25 MAS 


30 KV 
18.75 MAS 


27 KV 
37.50 MAS 


Fic. 1. Effect of Varying Kilovoltage. Constants: 38 inch focal film distance, 25 milliamperes, Royal Blue 
film, magnesium front cassette with DuPont, Patterson high speed screens, 2 mm. aluminum added filtra- 
tion and collimator with the equivalent of 11 mm. aluminum filtration. 
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2 mm. Al. Filter 
Collimator Mirror 
Cassette—2 Screens 


--Removed 
Collimator Mirror 
Cassette—2 Screens 


37.50 MAS 15.00 MAS 


Removed ~Removed 

+ Remove2d --Removed 

Cassette—2 Screens Cardboard Holder 

8.33 MAS Substituted 
200.00 MAS 


Fic. 2. Effect of Varying Filtration. Constants: 38 inch focal film distance, 25 milliamperes, 
27 kilovolts, and Royal Blue film. 


parent in viewing these roentgenograms 
that lower kilovoltage results in improved 
contrast with enhancement of visible de- 
tail. It is also evident that with diminishing 
kilovoltage, there must be a compensatorv 
Increase in milliamperage. 

Filtration. The addition of filtration re- 
sults in a beam of increasing homogeneity 
and shorter wave length which, in turn, 
leads to a diminution in contrast and is, 
therefore, contrary to the roentgenographic 
effect desired. One must realize that in addi- 
tion to the inherent and added filtration, 
the mirror in the collimator, the front of the 
cassette, and the underlying intensifying 
screen also act as filters and must be con- 
sidered in this evaluation. Figure 2 shows 


the effect of these filters on roentgeno- 
graphic quality. It is apparent that the re- 
moval of filtration by permitting radiation 
of longer average wave lengths results in 
enhancement of contrast. 

Screens and Cassettes. The effects of vary- 
ing magnesium front cassettes and card- 
board cassettes and the use of one or two 
intensifying screens are illustrated in Fig- 
ure 3. The use of a standard cassette 1s dis- 
advantageous because of its inherent filter- 
ing effect which results in loss of roentgeno- 
graphic ccntrast. Cardboard cassettes alone 
produce low contrast films which require 
longer exposures. The cardboard cassette 
with one intensifying screen produces a 
roentgenozraphic image which is superior 





Cardboard Holder 
No Screen 


200.00 MAS 


Cassette with 
2 Screens 


8.33 MAS 


Fic. 3. 


Cardboard Holder 
2 Screens 


5 MAS 


Cardboard Holder 
l Screen 


5 MAS 


Effect of Varying Screens and Cassettes. Constants: 38 inca focal film distance, 25 milliamperes, 


27 kilovolts, Royal Blue film, no added filtration, no collimator. 
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Royal Blue Film 
(Kodak) 


5 MAS 


Blue Brand 
(Kodak) 


12.50 MAS 


Industrial Type M 


Industrial Type M 


(Kodak) Removal of single 
500 MAS screen 
2000 MAS 


Fic. 4. Effect of Varying Film Type. Constants: Cardboard cassette with and without one screen, 
38 inch focal film distance, 25 milliamperes, 27 kilovolts, no added filtration and no collimator. 


to that obtained with the standard cassette 
and screens, and superior to that of the 
cardboard cassette alone. The addition of a 
second intensifving screen adds little to 
its contrast enhancement or speed since the 
addition of its inherent filtration offsets the 
intensifving effect. The cardboard cassette 
with one intensifying screen results in an 
optimum roentgenographic effect. 

Film Type. Several investigators have 
advocated the use of high detail industrial 
type film for ideal image definition.^? We 
have compared 4 types of Kodak film in our 
investigation (Fig. 4). It is apparent that 
industrial film requires considerably longer 
exposure than does medical film, and re- 
sults in roentgenographic quality which 1s 


not significantly better. We believe that 
ordinary medical film is adequate for soft 
tissue roentgenography of the breast, par- 
ticularly if it is utilized with one intensity- 
ing screen to enhance contrast. The elimi- 
nation of industrial film also obviates the 
necessity of special processing for those 
who use automatic processing machines. 
Magnification Technique. Our previous 
experience in magnification technique has 
suggested its applicability to roentgeno- 
graphy of the breast. Enlargement of 
roentgenographic images is particularly to 
be desired with small lesions and in the 
study of the small breast. Figure 5 shows 
the effect of varying object film distance. 
[t appears that, within reasonable limits, 





Object Film Distance Object Film Distance 


l inch 6 inches 


Object Film Distance 


13 inches 


Object Film Distance 


17 inches 


Fic. 5. Effect of Varying Object Film Distance (Magnification Technique). Constants: Cardboard cassette 


with one screen, 38 inch focal film distance, £o milliamperes, 27 kilovolts, 5 milliampere-seconds, 


O.3 mm. 


focal spot, no added filtration, no collimator, Royal Blue film. 





Fic. 6. Routine Soft Tissue Mammogram. (A) Standard lateral; (B) magnification lateral: (C) standard 
cephalocaudal; and (D) magnification eephalocaudal. 





ซ่ 
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hic. 7. Positioning for Roentgenography of the Breast. (A) Posi-ion for lateral projection and (B) 
position for cephalocaudal projec -ion. 
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magnification, while enhancing visualiza- 
tion, does not result in significant loss of 
detail. 


DISCUSSION 


The investigation described above has 
led us to the formulation of a technique 
which we believe optimal and applicable to 
virtually all roentgenographic installations. 
This technique consists of the following: 

Without Magnification: 50 ma.; 27 kv.: 
| /20 to 1/2 second exposure, variable with 
size; 38 inch distance; cardboard cassette: 
[ intensifying screen behind film; Royal 
Blue film; pendant position of the breast; 
no added filtration; small focal spot. 

IT ith Magnification: 50 ma.; 27,kv.; 1/10 
to 1 second exposure, variable with size; 0.3 
mm. focal spot; patient to cassette distance 


Fic. 8. 
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10 inches; 40 inch focal film distance; other 
factors as above. 

Our routine examination 
mammograms in 4 projections: a standard 
lateral projection, a magnification lateral 
projection, a standard cephalocaudal pro- 
Jection, and a magnification cephalocaudal 
projection (Fig. 6, 4D). 

The patient is positioned on a table with 
an oval aperture on its surface which per- 
mits one breast and adjacent chest wall to 
protrude in a pendant position beneath the 
table surface (Fig.7, 4 and B). The superior 


consists of 


edge of the cassette 1s placed in a recess cut 
into the under surface of the table and sup- 
ported below bv a stool or stand. Magnifica- 
tion is obtained bv shifting the film to a slot 
which is more distant from the breast. Fig- 
ures 8, 4-D; and 9, 4 and B illustrate 2 





[wo Cases of Carcinoma of the Breast. (A) Standard mammogram of Case 1 and (B) magnification 


mammogram of Case 1. (C) Standard mammogram of Case 11 and (D) magnification mammogram of 


Case It. 
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Fic. 9. Fibroadenoma of the Breast. (A) Standard mammogram and (5) magnification mammogram. 


cases of carcinoma of the breast demon- 
strated by this technique. 

The method described above has the fol- 
lowing advantages: (1) It is applicable to 
standard equipment. (2) There is marked 
reduction of roentgenographic exposure. 
Compared with one of the current standard 
techniques! which utilizes 1,800 milliampere 
seconds per view, we have been able to re- 
duce this exposure to 2.5 to 25 milliampere 
seconds. This reduction in patient exposure 
is particularly important in young women 
where this technique is being utilized as a 
survey method. (3) Tube sparing effect of 
short exposure. The high milliamperage of 


current techniques! combined with long ex- 
posure (6 seconds) at a low kv. (22-28) 
presents a hazard to the roentgen-ray tube. 
The low tube loading with our technique 
obviates this potential hazard. It also per- 
mits the use of a fractional focal spot for all 
soft tissue mammography. (4) Elimination 
of motion by short exposure. Patient move- 
ment and suspension of respiratory excurs- 
ions during a long exposure is a problem 
which is eliminated by the 1/20-1 
exposure with this method. (5) This tech- 
nique utilizes standard medical film which 
can be processed by automatic processing 
machines. (6) Cardboard cassettes permit a 


2 second 





FIG. Io. 


Mazoplasia of the Breast. (A) Standard mammogram ard (B) magnification mammogram. 
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larger area of the breast to be covered by 
the film than with the standard cassette. 
(7) Magnification permits more adequate 
survey of the small breast and enhances de- 
tection of small lesions (Fig. 10, 4 and B). 


SUMMARY 


The influence of kilovoltage, filtration, 
cassettes, screens, film type and magnifica- 
tion on roentgenographic quality of soft tis- 
sue mammograms has been evaluated. A 
new technique utilizing standard equip- 
ment and medical film, low kilovoltage, one 
high speed screen, cardboard cassette, no 
filtration, low milliamperage and short ex- 
posure time 1s described. This technique 
has many advantages over current tech- 
niques including good roentgenographic 
quality and low patient radiation exposure. 


Theodore E. Keats, M.D. 
Department of Radiology 

University of Missouri Medical Center 
Columbia, Missouri 
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MAMMOGRAPHY: A STUDY OF 500 PATIENTS* 


By THANE ASCH, M.D 
NEW YORK, NEW YORK 


AMMOGRAPHY or soft tissue roent- 

genography of the breast, was first 
performed by Salomon,’ a German sur- 
geon, who correlated 3,000 mastectomy 
specimens with roentgenographic findings 
in an attempt to delineate the extent of 
breast disease and thus improve biopsy 
techniques. He was the first to lay down 
criteria for differentiating between different 
types of mammary carcinoma and these 
criteria were expanded and refined by 
Leborgne,? Goyanes e£ a7.,* and Vogel.’ In 
this country Gershon-Cohen? and Egan? 
were responsible for placing this diagnostic 
procedure on a firm basis by correlating 


niques. 


MATERIAL 


Mammograms were obtained of soo pa- 
tients with breast disease at this institution 
from September, 1960 to September, 1962. 
Not all patients admitted or followed were 
roentgenographed. Both breasts were stud- 
ied routinely. In this series no clinical in- 
formation was solicited and no patients 
were examined physically. The roentgeno- 
graphic examinations were performed in a 
routine fashion by technicians. All mam- 
mograms were read by one individual. 
Twenty mammograms were considered 
technically inadequate for reading. We 
encountered patients with coincidental 
diseases including broken hips, Parkinson’s 
disease, hyperthyroidism or extremely nerv- 
ous individuals who could not assume the 
necessary positions or who could not hold 
still for the required exposure time. A some- 
what high rotation of technicians to this 
assignment contributed to this group by 
producing poor initial studies. 





TECHNIQUE 


Because the soft tissue constituents of 
the breast are close to one another with 
respect to density, special techniques must 
be employed to emphasize these small 
differences in the production of a meaning- 
ful roentgenogram. The resultant roent- 
genogram must exhibit the highest possible 
contrast end detail. Low kilovoltage and 
lack of filtration increase contrast. A small 
focal spot and long target film distance 
increase detail. A fine grain industrial type 
film with wide latitude enhances both con- 
trast and detail. Because the industrial 
film is slow, at low kv. factors long exposure 
times are necessary to produce a roentgeno- 
gram of adequate density. Long exposure 
times at high milliamperage values put 
considerable strain on roentgen tubes unless 
adequate tube cooling periods are allowed. 
This is one reason for the selection of many 
techniques which have compromised con- 
trast and detail. We have modified Egan's? 
technique by shortening the target film 
distance and by using Ansco Superay B 
film. This has resulted in a decreased ex- 
posure time permitting roentgenograms of 
good quality. It must be emphasized that 
accuracy 13 diagnosis of breast lesions de- 
pends greatly on roentgenograms of perfect 
technique and that any radical departure 
from the technique described by Egan 
results in roentgenograms of relatively poor 
quality. Table 1 shows the range of diag- 
nostic factors which can be expected to 
produce good results. 

The tecanical factors depend on age, 
paritv and size of the breast. A young pa- 
tient with no children has a dense breast 
structure which requires a decreased target 
film distanze and increased exposure time 
to produce adequate roentgenographic den- 


* From the Department of Radiology, The New York Hospital-Cornell Medical Cenzer, New York, New York. 
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Tage 1 
ROENTGENOGRAPHIC FACTORS 
kv, 
S " 7 Ti me ia Di S t RHICE 131 
Size a. $ S | 
{sec.) (inches) Cranio- peo De. 
1.4. Oblique 
caudad pendent 
1. For cranio-caudad, oblique, de- 
pendent views 
A. Premenopausal, nonparous small e 300 17 26 28 26 
average 5.0 300 MS 26 28 a6 
large $.0 300 19 26 28 26 
B. Premenopausal, parous small 4.5 300 2n 26 28 26 
average 425 3 ๐ ๐ 23 26 2% 26 
large 4.5 300 19 26 28 26 
C. Postmenopausal small 4.0 300 27 26 28 26 
average 446 300 23 26 28 26 
large 4.5 300 19 26 28 26 
2. For axillary view (average) PES. 300 26 £2 kv. 


sity. Paritv and age are associated with in- 
volution of grandular tissue and replace- 
ment by fat requiring less exposure. The 
low kv. required for this study can be ob- 
tained on most 300 ma. machines after a 
simple adjustment by an equipment rep- 
resentative. Before starting the examina- 
tion 1t 15 important to remove all filtration 
from the beam. A half extended sinus cone 
or adjustable light collimator* should be 
used to enhance detail. Three minutes cool- 
ing time is necessary between exposures. 
All roentgenograms should be hand de- 
veloped for 9 minutes at 68°F., fixed for 10 
minutes and washed for 20 minutes. Thev 
should not be sent through an automatic 
processor because the developing time is 
too short. An arrow marker should point 
to the axilla in all views so that the lesion 
can be accuratelv localized. A bilateral ex- 


amination is always indicated because 
bilateral primary lesions occur and contra- 


lateral benign pathology can be docu. 


mented. The contralateral breast also 
serves as a useful control in difficult 


problems. The views described and illus- 


* Adjustable light collimators have a silver coated mirror which 
remains in the beam and adds a filtration effect of approximately 
og mm, Al. 


trated by Egan? were used. An additional 
view was utilized in 250 cases with the 
breast dependent; however, a review of the 
material indicates that in no instance was 
the view contributory. 


ROENTGEN DIAGNOSIS 


The roentgenographic criteria in the 
differential diagnosis of breast lesions have 
been well documented elsewhere. There- 
fore onlv a summary is presented. Discrete 
benign lesions including localized. cvsts of 
fibrocystic disease, fibroadenoma, intra- 
ductal papilloma, lipoma, dermoid and 
sebaceous cyst, galactocele and hemangi- 
oma have round or oval, sometimes lobular 
shapes with very sharp edges. Frequently a 
thin radiolucent halo extends bevond the 
periphery of thelesion. Benign conditions 
have the same configuration in different 
projections and with the exception of 
galactoceles and lipomas are homogene- 
ously dense. Lipomas and galactoceles are 
usually no denser than the surrounding 
breast fat; thus, frequently only the thin 
surrounding capsule is visible. 

The diffuse benign diseases have been 
lumped together as fibrocystic disease. This 
loose term includes various combinations 


Fic. 1. Intraductal papillomatosis. There were 212 
fine calcific flecks counted in a small area. Thirty 
microscopic sections failed to disclose malignancy. 


of cyst formation, ductal and lobular hyper- 
plasia, ductal dilatation and fibrosis. The 
various pathologic forms have a fairly 
characteristic appearance indicated by 
areas of lucency separated by fibrous 
strands and patches of increased density. 
Sharp scalloping of borders is frequent and 
breast trabeculae are indented and shoved 
aside from their normal orderly conver- 
gence to the nipple. These lesions almost 
always present a different appearance on 
different views because of the asymmetric 
and often plaque-like extent. Occasionally, 
tiny calcific flecks are scattered throughout; 
however, their concentration and number 
are rarely sufficient to confuse with the 
calcifications seen in carcinoma. The ex- 
ception is intraductal papillomatosis. Oc- 
casionally, in this condition calcifications 
are present which cannot be distinguished 
from carcinoma (Fig. 1). 

The giant fibroadenoma or cystosarcoma 
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phylloides can by virtue of its great bulk be 
confused with advanced carcinoma; how- 
ever, the borders of this lesion when benign 
usually follow the criteria of other benign 
lesions (Fig. 2). The small fibroadenoma 
often contains coarse calcific flecks dis- 
tinguishing it from other benign lesions. 
Secretory disease (mammary duct ectasia) 
which can result in plasma cell mastitis fre- 
quently mimics carcinoma clinically (Fig. 
3 and 4). It can be very diffuse, but is often 
associated with tubular and spherical cal- 
cifications and obviously dilated ducts.!* 

Inflammatory disease of the breast can- 
not, in most cases, be differentiated from. 
carcinoma by roentgenographic means 
(Fig. 5). 

Carcinoma, in this series, distinguished 
itself in 25 per cent of patients by the ex- 
tremely fortunate scattering of numerous 
small flecks of calcific density. These are 
sometimes so minute that only very careful 
inspectior of the roentgenogram will indi- 





Fic. 2. Large bulky cystosarcoma phylloides. 
The edges of this lesion are fairly well defined. 
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cate their presence. The slightest motion 
can blur them out emphasizing the need 
for technically perfect roentgenograms. 
Occasionallv, they do not appear to be as- 
sociated with a visible mass. We have en- 
countered obvious carcinomas with coarse 
calcifications (Fig. 6). This may be the re- 
sult of degeneration of fibroadenomata but 
we have no proof to substantiate this as- 
sumption. Rarely, multiple minute calcifi- 
cations can be observed in the presence of 
carefully proven benign disease. Electro- 
cardiographic paste, arteriosclerotic ves- 
sels, skin dirt and roentgenographic or 
cassette artifacts can occasionally mimic 
this type of calcification. Carcinoma can 





Fic. 5. Typical appearance of secretory disease with 
characteristic spherical, crescentic and tubular 
calcifications. There were no symptoms and no 
masses were palpated. Discovered on routine 
chest roentgenograms. 
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Fic. 4. Dilated lactiferous ducts converge on the 
nipple. This is an early stage of secretory disease or 
mammary duct ectasia. If the duct bursts, an in- 
flammatory process termed plasma cell mastitis is 
initiated. This stage of the disease clinically 
mimics carcinoma. 


take a number of other forms. The most 
easily recognized presentation is a mass, 
very dense in its central portion, becoming 
less dense at the periphery with numerous 
thin tentacles extending into breast fat. An- 
other fairly frequent appearance is that of 
a dense mass which at first glance appears 
to be benign; however, careful scrutiny re- 
veals a fuzzy border. In other patients a 
diffuse infiltrative process is identified. 
Sarcomas of the breast are very difficult 
lesions to interpret correctly because they 
frequently present with smooth borders; 
Berger and Gershon-Cohen? have stressed 
the rapid growth of these lesions. They are 





l'1G. §. Breast abscess. The skin is thick, the lesion 
is dense and has irregular borders. It cannot be 
distinguished from carcinoma. 


often associated with a characteristic 
"tail." Skin thickening is a good indication 
of malignancy but must be viewed with 
great circumspection. Degrees of thicken- 
ing can be seen roentgenographically which 
cannot be detected bv palpatory methods. 
A biopsy performed within 2 months can 
produce considerable thickening and an old 
biopsv scar, when viewed tangentiallv, can 
be misleading. A number of different skin 
ailments can also thicken skin. Nipple 
retraction can be difficult to evaluate be- 
cause, by itself, it is not necessarily an ab- 
normal finding. Breast asymmetry should 
alert one to the possibility of malignant 
disease. When carcinoma is present in a 
dense bed of fibrocystic disease, it can often 
be detected on technically perfect roent- 
genograms because it appears somewhat 
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more dense than the tissue surrounding it. 
Table 111 gives a summary of the results 
of 500 consecutive roentgenographic inter- 
pretations and in Table 1v an analysis of 
the errors 1s given. 
In addition to the cases listed in Table 
Iv, there were 12 cases which were read as 





Itc. 6. Coarse calcifications in an obvious carcinoma. 
These calcifications are round and smooth, sug- 
gesting that this may be a degeneration of a previ- 
ously benign lesion. 
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Tage H 


EXPOSURE DOSE 


bi mi aa aa E ii raaraa et INE ELIA BEN ale e i ar aai gala P a aAA n d REE a AER HE TP A MUN UE maamaa Aee a e e e, 


แอ อ อ ณา ล ณ ล อ ณา A P08 A a Bata ate Amie me see artan ae santanane momen AM AAA 5+* ั ั ั 3++5 de 


28 kv. 300 ma. 5 sec. 27 inches target film distance 25 cm. X25 cm. at film EY 
28 kv. 3 ๐ ๐ ma. 5 sec 19 inches target film distance 22 cm. X 1g cm. at film [3 
These readings were at the film distance. The skin would get a slightly larger dose due to less distance and backscatter. 
Tanrk III 
RESULTS OF THE INTERPRETATION OF 500 CONSECUTIVE MAMMOGRAMS 
" Read As Read As Read As Read As Clinically 
Total s Pur au pe A am P 
Benign Negative Malignant Equivocal Negative 
Malignant lesions 84 il 2 70 I 4 
Benign lesion 
Biopsy 175 147 5 [3 1 1 
Benign lesion 
No biopsy 157 157 ๐ ๐ ๐ 
No lesion 
No biopsy 64 ๐ 64 ๐ o 
Inadequate 
examination 20 
goo 


TABLE IV 


ANALYSIS OF ERRORS 


False positive: 13 cases 


1. Skin thick, previous biopsy—s cases 
2. Error in interpretation—7 cases 

(a) would always miss-—3 cases 

(b) would not now miss—4 cases 
3. EKG paste—1 case 





False negative: 13 cases 


1, Peripheral lesion, not on roentgenogram— 
7 cases 

Error in interpretation-—6 cases 

(a) would always miss—2 cases 

(b) would not now miss—4 cases 

(c) (close to nipple—2 cases) 


เว 


equivocal, Eleven of these had localized 
areas of skin thickening due to various 
etiologies and all turned out to be negative 
or benign. One of these was proven malig- 
nant; however, the interpretation was con- 
fused by electrocardiograpic paste. In- 
spection of these data indicates that the 
objective method of mammography is not 


desirable. Fully one-half of the errors made 
could have been eliminated by simple his- 
tory and physical examination of the breast. 
Peripheral lesions require special attention 
to ensure their projection on the roent- 
genogram. Lesions close to the nipple are 
dificult to evaluate. One of these, an intra- 
ductal papilloma, caused considerable am- 
bivalence among pathologists. Many of the 
errors made in interpretation were made 
early in the study. Retrospectively, it is 
felt that 7 of the 12 errors would not be 
repeated; however, retrospective rationali- 
zation is easy. Experience in reading mam- 
mograms is definitely an asset. 


USES OF MAMMOGRAPHY 


Mass screening examinations have been 
suggested for this technique. This would be 
impractical and the cumulative skin dose 
to the breast over the years would be pro- 
hibitive. There were 4 occult lesion in this 
his co-workers have reported many such 
unexpected findings. Perhaps screening 
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methods could be emploved in women with 
a strong familial history of breast malig- 
nancy. 

In women with large lumpy breasts, a 
biopsy may be chosen in the wrong area. 
Mammography can pinpoint a malignant 
lesion. 

If a biopsy should remain negative fol- 
lowing an unequivocally positive mammo- 
gram, the study will emphasize the neces- 
sity for repeat biopsy. 

In a patient with generalized metastatic 
disease, mammograms may identify the 
lesion even though it cannot be palpated. 
Three of the 4 occult lesions in this series 
were identified in this fashion. 

In patients with known benign breast 
disease who have had repeated biopsies, 
mammograms can be comforting to the 
physician who would prefer to avoid fur- 
ther biopsies if, in his opinion, no ominous 
masses are present. In a number of in- 
stances we have obtained baseline studies 
for future comparison. 

In patients with an obvious primary 
lesion in one breast, a nonpalpable contra- 
lateral lesion can be identified. 

In patients with Paget’s disease, the 
often elusive underlying ‘lesion can be pin- 
pointed. 

Mammography is useful in evaluating 
breasts with abnormal secretions, especially 
in the presence of positive cytology and 
negative palpation. Patients who refuse 
treatment can sometimes be persuaded to 
undergo biopsy when shown the roentgeno- 
gram and patients with cancerophobia can 
be assuaged with a negative report. 

There is an obvious pitfall with respect to 
the procedure which should be emphasized. 
Because of its accuracy, physicians may be 
deluded into accepting a negative report as 
gospel. This study indicates that mammog- 

raphy is fallible and that any lesion which is 
suspicious on clinical grounds must be 
pathologically confirmed. 


SUMMARY 


In a series of 500 patients referred for 
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mammographv, 260 were subsequently bi- 
opsied. Of this group there were 13 false 
positive and 13 false negative results. The 
mammograms were read without the benefit 
of history or phy sical examination. The 
over-all accuracy is go per cent. The ac- 
curacy with respect to carcinoma 1s 86 per 
cent. This accuracy is less than that re- 
ported in other series; however, a simple 

history and phvsical examination of the 
breast could have doubled the accuracy by 
ensuring special attention for handling 
per ipheral lesions and elucidating the 
causes tor skin thickening. 

Technically perfect roentgenograms, su- 
pervised by a physician with considerable 
experience, are necessary for accurate inter- 
pretation of mammograms. 

This procedure which can be very helpful 
in the ciagnosis of breast disease does not 
replace biopsy and pathologic confirmation 
of clinically suspicious breast masses. 
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INTRAOSSEOUS VENOGRAPHY IN PELVIC 
MALIGNANCY* 
By ROBERT E. WISE, M.D., FERDINAND A. SALZMAN, M.D., DAVID O. JOHNSTON, M.D., 
and FERRIS J. SIBER, M.D. 


BOSTON, MASSACHUSETTS 


HE intraosseous injection of opaque 
contrast media in the human subject 
was probably first reported by Benda, 


Orinstein and Depitre? in 1940. Because of 


the second World War, this undoubtedly 
was unknown to Ehrhardt and Kneip,® who 
suggested it as a diagnostic procedure in 
1943. Drasnar,? in 1946, and Jenny,’ in 
1947, further poed on the practicability 
of utilizing this avenue of approach to the 
study of regional venous systems. Their 
initial findings were confirmed and ampli- 
fied by Mallet-Guy and Micek,! and Leger 
and Frileux® in 1940. In the same year, 
Baux and Poulhes,! and in 19:1, Ducuing 
et alè published their studies on the pelvic 
veins. They reported on multiple sites of 
injection, including the pubis, ischial tuber- 
osity, trochanter and iliac crest and sug- 
gested bilateral injections for a more com- 
plete anatomic study. Begg,? in 1954, de- 


scribed a bradawl method of insertion of 


the needle through thick cortical structures 
in his investigation of the deep veins of the 
lower extremity and pelvis. The technique 
was used in other sites by Lessmann and 
co-workers? in 1955, and was further re- 
ported on, with technical modifications, by 
Salzman and Wise? in 1956 and 1960. The 
value of bilateral pelvic bone injections in 
tumors of the female pelvis was reported bv 
Lessmann and Waldrop'? in 1958. 

Upon learning of the technique of intra- 
osseous venography in 19:24, we became 
interested in the various possibilities pre- 
sented and proceeded to investigate its use- 
fulness. Our first approach was in the 
evaluation of primary venous disease of the 
lower extremities. This led to investigation 
of other causes of swollen lower extremities 


* From the Lahey C 


and subsequently to investigation of pelvic 
malignant lesions. We have used it in vari- 
ous other problems, including those of the 
upper extremity, to a lesser degree. The 
various sites of injection and conditions for 
which it has been used are shown in Tables 
1 and n. Of a total of 80 patients subjected 
to the procedure, 17 have had proven pelvic 

r abdominal malignant disease. One case, 
"d vic hemangioma, i is not, strictly speaking. 
a malignancy, but so many of the features 
of the dissase are similar that we have 
elected to include it in the series for teach- 
ing purposes. 

Advantages and disadvantages of the 
procedure have become apparent in the 
course of evaluation of pelvic malignant 
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A, CASES OF PELVIC CANCER 


Diagnosis | of Injection Sites 
ases 
Recurrent carcinoma of ว จ Greater trochanter 
rectum Iliac crest 
Carcinoma of prostate 2 Greater trochanter 
Proximal tibia 
Recurrent carcinoma of — 1 Greater trochanter 
uterus Proximal tibia 
Recurrent carcinoma of ว จ Greater trochanter 
cervix Iliac crest 


Proximal tibia 


Genital ridge carcinoma 1 Greater trochanter 


Hodgkin's disease 2 Greater trochanter 
Recurrent carcinoma of I Greater trochanter 


sigmoid colon 
Pelvic hemangioma 
Reticulum cell sarcoma 
Macrofollicular lymphoma 
Malignant lymphoma 


1 Greater trochanter 
1 Greater trochanter 
Y Greater trochanter 
1 Greater trochanter 


Total i7 


nnn rm e rre eee eere enne meme em mele a w wanna in mo i 


Clinic and New Engiand Baptist Hospital, Boston, Massachusetts, 


Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 2-5, 1962. 
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B, GENERAL CASES 


(Discrepancies between diagnoses and number of 
injection sites indicate multiple injections) 


No. of 


Diagnosis 2 0 7 [njection Sites No. 
S Cases 
Thrombophlebitis 57. Greater trochanter 19 
Tibia a 
Hium 
Lymphedema, cause f Greater trochanter 
undetermined Tibia 


Lateral malleolus 


Carcinoma of breast, 4 Ulna 


arm edema Humerus 
Lymphedema praecox ว Greater trochanter 
Tibia 
Milroy’s disease 2 Tibia 


wo RA Oo 99 Jj) wm H3 22 12 


? Recurrent carcinoma 1 Greater trochanter 


of rectum—normal 

Painful ankle, post- 1 Tibia 1 
traumatic 

Leiomyoma of right [ Tibia 1 
thigh 

Metastasis, 4th lumbar 1 Lumbar vertebral — i 
bodv body 

Metastasis, humerus 1 Humerus 1 

Hemangioma, forearm 1 Radius l 

Pelvic arteriovenous 1 Greater trochanter 1 
fistula 

Abdominal wall arterio- 1 Dium 1 
venous malformation 

Sarcoma, femoral 1 Tibia 1 

Reticulum cell sarcoma, 1 Greater trochanter 1 
buttock 

Aneurysm, common 1 Tibia 1 


ihac artery 


Total 63 


disease, and it 18 our 
them herein. 


purpose to present 


DESCRIPTION OF PROCEDURE 


Intraosseous venographv refers simply to 
the route by which a contrast agent may be 
introduced into the venous svstem. An 
aqueous contrast substance is introduced 
under pressure into the medullary cavity; 
this is followed by rapid passage into the 
external venous plexus emanating from the 
bone and thence into the larger veins. There 
is no significant associated visualization of 
the osseous structures. The osseous route 
serves merely as a means whereby a large 
quantity of contrast medium is introduced 
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with relative rapidity simultaneously into 
numerous tributaries of the major veins, 
and in particular, the deep veins of any 
given anatomic area. Both the cancellous 
and cortical bonesare traversed by innumer- 
able arteries and veins and it is through 
these latter vessels that the contrast me- 
dium passes from the medullary cavity. It 
is not surprising that contrast medium 
leaves the medullarv cavitv of bone with 
rapidity. Upon reflection, it is apparent 
that the liquid contrast medium 1s injected 
into a completely closed, nonexpansile con- 
tainer, namely, the bone, which already 
contains noncompressible fluid and solids. 
It is further apparent that any injected 
liquid must leave such a closed system at 
the same rate at which it enters. It does so 
bv wav of the rich venous plexus which 
normally functions to drain the blood from 
the bone. It is this principle, therefore, upon 
which the procedure rests. 

Since the normal pathwav is from bone 
into the deep veins and usually into all of 
the maior deep veins of the surrounding 
area, the method would appear to possess 
inherent advantages over percutaneous 
venography which depends upon injection 
into a single vessel. 

The veins of the pelvis are well known 
and need no description, but the routes 
taken by contrast media injected into the 
two common injection sites, the greater 
trochanter and the crest of the ilium, are 
less weil known. The pathways are not en- 
tirelv constant; however, injection of the 
greater trochanter will in the normal sub- 
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INJECTION SITES ü 





Tibia 


- d 


Greater trochanter 40 
T iac crest 4 
Olecranon process 3 
Humerus 2 
Radius 1 
Lateral malleolus 1 

i 


Lumbar vertebral body (4th) 


* Bilateral injections of identical sites counted once per 
examination, 
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ject invariably fill the external iliac and 
frequently also the internal iliac. Injection 
of the iliac crest will usually fill the D 
iliac and at times the external iliac. S 

is the external iliac vein which is i ed 
for the major portion of the drainage of the 
leg, and thus the venous pathway most 
likely involved in the presence of edema, we 
have chosen the greater trochanter as the 
better site for injection. 


INDICATIONS FOR PELVIC VENOGRAPHY 


By no means do we advocate any form of 
venography in all cases of pelvic malignant 
disease. However, we do believe » there are 
fairly well defined indications tor the pro- 
cedure. We further admit that in many in- 
stances percutaneous femoral venography 
mav be used, but we believe that greater 
flooding of the pelvic veins may be ob- 
tained with the intraosseous method. Fur- 
thermore, in severe leg edema, percutane- 
ous puncture may be difficult. Many of our 
patients were subjected to intraosseous 
venography after failure of the percuta- 
neous method. 

Each case of proven or suspected pelvic 
malignancy is evaluated on its merits and 
in the vast majority venography is re- 
jected. From Table 111 it may be seen that 
leg edema is the most common indication 
for the procedure. We elect venography in 
the presence of edema when (a) the ditfer- 
entiation between edema secondary to 
pelvic cancer and — Is not 
clear; and (b) the extent of pelvic disease is 
not clear, this being especially important in 
recurrent disease with previous radiation 
therapy in which we are anxious to use as 
small a treatment field as possible. Con- 
versely, venography may demonstrate more 
widespread disease than expected, thus 
permitting more inclusive radiation ther- 
apy. 

When pain is the presenting complaint, 
venography may serve to differentiate re- 
current cancer from the many other causes 
of pelvic pain secondary to surgery or 
radiation therapy. The venogram may 
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serve as documentary evidence of recurrent 
disease in lieu of a biopsy. 

In general, therefore, the indications for 
the procedure are differential diagnosis and 
definition of extent of pelvic malignant 


disease when ordinary examinations are 
inadequate in either instance. 
TECHNIQUE 
Our previous modifications of Begg's 


technique were published in 1956" and 
1960. Present practice differs little from 
this latter description except for the use of 
a mechanical injection apparatus which 
permits easy, simultaneous, bilateral injec- 
tion and provides greater safety to the 
operator (radiation). 

The procedure is best performed under 
general anesthesia, since great pain Is pro- 
duced at the moment of injection. The 
procedure is carried out in the Department 
of Radiology, either on a conventional 
roentgenographic table or over a serialo- 
graphic apparatus and in our institution ts 
performed entirely bv radiologists. 

The instruments essential to the pro- 
cedure are few in number. The set consists 
of a Kirschner wire, De Puv drill, and two 
special needles. The Kirschner wire which 
ve have chosen is 0.093 inch in diameter. 
One of the two needles, the short outer 
guide needle, is made to slide easily over 
the wire and has a saw tooth end for “bit- 
ing" into the cortex to prevent slipping. 
The long inner needle containing a stylet is 

also 0.093 inch in outside diameter, permit- 
ting it to fit snuglv into the hole drilled with 
the Kirschner wire. The instruments are 
shown in Figures 1 and 2. 

The skin over the proposed injection site 
is cleansed and draped to ensure aseptic 
technique. In the cases to follow we have 
most frequently made the injection into the 
greater trochanter of the femur. This is best 
done with the femur in internal rotation. 
An incision $ inch long is made in the skin. 
With the outer guide needle placed over the 
Kirschner wire as in Figure 1 B, the wire is 
drilled through the cortex and into the 
marrow cavity to a depth of approximately 
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Signs and 


Sites of 





Case Diagnosis : ae Venographic Findings Comment 
Symptoms Injection * น 
1 Recurrent carci- Perineal and rt. Greater trochan-.— Displacemeng and narrowing of ex- Symptomatic treatment 


t3 


TI 


12 


13 





noma of rectum 


Recurrent carci- 
noma of sigmoid 
colon 


Presacral 
hemangioma 


Reticulum cell 
sarcoma 


Carcinoma of 
prostate 


Recurrent carci- 
noma of uterus 


Recurrent carci- 
noma of cervix 


Carcinoma sim- 
plex, genital 
ridge origin 


Hodgkin's disease 


Hodgkin's disease 


Macrofollicular 
lymphoma 


Recurrent carci- 
noma of rectum 


Recurrent carci- 
noma of cervix 


leg pain 


Abdominal pain; 
edema ot legs 


Rectal pain; 3.8 


cm. mass palpable 
anterior to sacrum 


Edema, lt. leg; 
suprapubic and 
It, inguinal mass 


Edema, legs and 
scrotum 


Edema, rt. leg 


Edema and pain, 
rt, leg 


Edema, legs and 
scrotum 


Edema, rt. leg 


Edema, lt. leg 


Edema, It. leg 


Low back and rt. 
leg pain; edema, 
rt. leg 


Edema, lt. leg 


ter, bilateral 


Greater trochan- 
ter, bilateral 


Greater trochan- 
ter, bilateral 


Greater trochan- 
ter, lt, 


Greater trochan- 
ter, bilateral 


Greater trochan- 
ter, bilateral; 
tibia 


(1) Hiac crest, 
bilateral; greater 
trochanter 

(2) Greater tro- 
chanter, bilateral 


Greater trochan- 
ter, rt, 


Rt. greater tro- 
chanter; rt, tibia; 


4t 


rt. ilium 


Greater trochan- 
ter, bilateral 


Greater trochan- 
ter, bilateral 


Rt. tibia; crest 


“ge 


rt. ilium 


Greater trochan- 
ter, bilateral 


ternal illac vein with partial ob- 
struction Indicative of large pelvic 
mass 


Obstruction, It. common iliac vein; 
obstruction, inferior vena cava; 
collateral return via vertebral 
veins 


Minimal partial obstruction. and 
deformity of rt. external iliac vein 


(1) Partial ebstruction of It. ex- 
ternal iliac vein; obstruction of lt. 
common iliac vein; shunt to right 
common ibac vein indicative of 
pelvic tumor mass 

(2) After roentgen therapy: Pa- 
tent it. common iliac; absence of 
previous shunt 


Bilateral common Hiac and exter- 
nal iliac obstruction 


Obstruction of rt. external and 
common ilic, lt, internal and ex- 
ternal iliac veins; complete ob- 
struction of inferior vena cava; 
collateral return via vertebral 
veins 


(1) Rt. external and internal iliac 
obstruction secondary to extrinsic 
pressure 

(2) After roentgen therapy: 2 mo, 
later no Improvement 


Marked obstruction of external 
ihac with marked collateral circu- 
lation 


Obstruction, inferior vena cava 
with collateral vertebral circula- 
tion; pressure rt, external Hiac by 
pelvic mass 


Deformity external ihac rt. by en- 
larged lympa node; obstruction lt. 
common iliac with shunt to right 


Normal venous drainage on right; 
low grade obstruction, It. external 
iiac vein; extensive collateral 
drainage associated; evidence in- 
dicative of peivic mass 
Obstruction rt, femoral vein at 
level of femeral triangle; no con- 
trast medium beyond this point on 
serial studies 


Partial obstruction, lt. common 
iliac vein; widening of angle of bi- 
furcation of common iliac veins 


only 


Autopsy: Tumor infiltrat- 
ing anterior and It. lateral 
walls of inferior vena cava 
with complete occlusion of 
inferior vena cava at level 
of bifurcation 


Laparotomy: Pelvic he- 
mangioma adherent to pel- 
vic wall and sacrum 

Biopsy of lymph node, fol- 


lowed by 2 mev. therapy to 
abdomen and pelvis 


Retroperitoneal biopsy con- 
firmed recurrent carcinoma 
of prostate 


Symptomatic treatment 
only 


2 mev. therapy 


Exploration; Extensive ret- 
roperitoneal tumor mass 


2 mev, therapy 


2 mev. therapy 


2 mev. therapy 


2 mev. therapy 


2 mev, therapy 
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Case Diagnosis 





14 Recurrent carci- 
noma of cervix 


15 Carcinoma of 


Signs and 
Symptoms 


Sites of 
Injection 





Edema, rt. leg 


Edema, rt. leg 


Greater trochan- 


ter, rt.; proximal 
tibia, rt. 


Proximal tibia, 


prostate rt. 


Greater trochan- 
ter, lt. 


Edema, lt. leg; 
fixed mass 1 ท lt. 
lower quadrant 


16 Malignant 
lymphoma 


Greater trochan- 
ter, bilateral 


Absent It. kidney; 
hydronephrosis, 
rt.; Intraosseous 
venography for 
evaluation of pos- 
sible surgery to rt. 
kidney or ureter 


17; Recurrent carci 
noma of rectum 





3 inch. The outer guide needle is held firmly 
against the cortex with one hand, and the 
wire, with drill attached, is withdrawn. The 
inner needle is then inserted through the 
outer guide needle into the hole in the cor- 
tex, using slight pressure to ensure a snug 
fit. Care must be used that the drilled hole 
is not lost for if a second hole is drilled 






--- Kirschner wire 


Skin ond subcut. 


tissue 
----- Cortex 
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Venographic Findings Comment 





Constriction obstruction, internal 2 mev. therapy 
and external iliac veins secondary 
to lymph node pressure 


(1) Chronic phlebitis, deep veins Hormonal and 2  mev. 
of thigh therapy 

(2) Localized pressure, rt. external 

iliac vein secondary to enlarged 

lymph node; no obstruction 


Complete obstruction, lt. common 
iliac vein; shunt across sacral and 
perineal veins; angioma 


Normal pelvic venous system Symptomatic therapy 





--Kirschner wire 


--Quter guide needle 


nearby, the contrast medium will escape by 
the path of least resistance through the 
first hole. After a snug fit 1s assured, the 
stvlet is withdrawn and a Luer-Lok syringe 
is attached. Negative pressure is applied 
and after a few seconds blood will spurt into 
the svringe, indicating proper insertion of 
the needle. 






W- -Outer guide needle 
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Fic. 1. Three step insertion of needle for intraosseous injection. A—Kirschner wire after drilling through 
cortex; B—outer guide needle in place against cortex (steps A and B may be combined); and C—Kirschner 
wire has been removed. Inner needle has been placed in hole left by wire. 
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[“16. 2. Basic instruments for procedure. A—De Puy 
drill; B—Kirschner wire; C- outer guide needle; 
and D—inner needle with stylet in place. 


When the proper positioning of the 
needle 1s in doubt, it may be checked 
quickly with a Polaroid. roentgenogram 
(Fig. 3). A total of 25 cc. of contrast 
medium of a type and concentration ordi- 
narily used for intravenous pyelography is 
injected. Although the injection may be 
done by hand, considerable force must usu- 
ally be used and two syringes have broken 





lic. 
ess) indicating satisfactory position of needle in 
marrow cavity. 


3. Check roentgenogram (Polaroid rapid proc- 
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in our hands. A syringe with metal rim and 
thumb piece is therefore recommended. We 
now prefer a mechanical injector with in- 
stantaneous hand control, and inject the 
25 C6. if approximately 5 seconds. A “Y” 
connection on the 1 injection apparatus per- 
mits sim ultaneous bilateral injection when 
indicated (Fig. 4). 

It the entire lower extremity 
Investigation, 14 by 17 inch cassettes are 
changed manually as rapidly as possible, 
with progressive cephalad movement of 
cassettes and roentgen ray tube as each 
cassette is changed, usually for a total of 5 
roentgenograms covering the lower extrem- 
ity , pelv s and lower abdomen. For investi- 
gation o` the pelvis following greater tro- 
chanteric injection, we now routinely use a 
[4 by 14 inch rapid film changer with ex- 
posures usuallv 1 second apart, beginning 
with the start of the injection. The total 
number of roentgenograms is usually 10. 


Is under 


SELECTION OF INJECTION SITES 


As may be seen from Table 1, the 
symptoms and signs which prompted intra- 
osseous venographic investigation of pelvic 
cancer were, 1 ท decreasing order of fre- 
quency, edema of one or both extremities, 
pain in tie pelvis or legs, palpable mass, 





Fic. 4. Simultaneous bilateral injection of greater 


flow 


trochanter demonstrates normal pelvic 
through external and common iliac veins. 
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and hydronephrosis. In 13 patients with 
edema of the lower extremities, injections 
were unilateral in r1 and bilateral in 2 
instances. In the earlier cases we occasion- 
ally selected the tibia as an injection site, 
but today we use the tibia only when the 
level of obstruction is in doubt. In edema 
secondary to known pelvic cancer, our 
present practice 1s to use the greater tro- 
chanter as the injection site. In unilateral 
edema or pain, the side on which it is 
located is selected for the first injection. 
Unilateral injection 1s used since simultane- 
ous bilateral injection precludes demon- 
stration of a shunt which is necessary to the 
diagnosis of unilateral obstruction. The 
opposite side is usually injected also in spite 
ot a lack of edema, since deformity or dis- 


Fic. 5. Recurrent carcinoma of the cervix; edema of 
the left leg. (4) Right trochanteric injection dem- 
onstrates patent but slightly displaced external 
iliac and common iliac veins. (B) Later roentgeno- 
gram shows no filling of external iliac vein. (This 
demonstrates need of serial roentgenograms.) 
Note retrograde filling of left common iliac down to 
level of bifurcation. (C) Left trochanteric injection 
shows complete block of internal and external iliac 
veins and common iliac at bifurcation. Note shunt 
via presacral veins, 


placement of the veins may exist in the 
absence of obstruction. If the edema is 
bilateral we elect bilateral simultaneous in- 
jection. Since bilateral venous obstruction 
is usually present in these cases, we do not 
expect to demonstrate a shunt; our purpose 
Is to determine the level of obstruction and 
procure evidence of deformity, with these 
in turn indicating the extent of disease. In 
patients whose presenting symptom is pain, 
or in whom a mass is palpated, we usually 
elect bilateral simultaneous injection. 


DIAGNOSTIC CRITERIA 


The 4 elements of diagnosis of pelvic 
disease 1 ท venography are (1) obstruction; 
(2) shunt; (3) displacement or deformity of 
veins; and (4) collateral circulation. 


380 


Pelvic venous obstruction or deformity, 
in the absence of other causes such as previ- 
ous surgery (ligation), is strong evidence in 
favor of malignancy. Therefore, it 1s toward 
these elements of diagnosis that we direct 
our efforts. 

Complete venous obstruction may be 
diagnosed with relative ease but mere ab- 
sence of filling at any point on a single 
roentgenogram is not sufficient evidence. 
Figures 5, 4, B and C; and 6, 4 and B 
demonstrate this. Serial studies, therefore, 
are important in the diagnosis. Corrobora- 
tive evidence such as displacement or de- 
formity is valuable (Fig. 7, Zand B; and 8). 

Contrast medium injected into the ve- 
nous system tends to pass to the heart by the 
most direct route available. In the presence 
of an obstruction to this normal route the 
contrast medium or blood seeks the next 
available shortest path of least resistance. 
It is this principle which permits the dem- 
onstration of a shunt of contrast medium 
to the veins of the opposite side of the pelvis 
with this being almost prima facie evidence 
of obstruction. Examples of this may be 
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seen in Figures 9, 4 and B; 10, 4 and B; 
and II. 

In obstruction of the external or common 
iliac veins, a shunt of contrast medium to 
the veins of the opposite side of the pelvis 
through the presacral plexus or the perineal 
veins will be noted (Fig. 12, 4 and B). 

Venous stasis from causes other than 
mechanical obstruction raises problems of 
interpretation, as in Figure 13. In this case 
an apparent obstruction of the inferior 
vena cava was eventuallv found to be 
secondary to congestive heart failure with 
associated stasis. In one case serial studies 
failed to differentiate this from mechanical 
obstruction as a cause of edema. Careful 
clinical evaluation should, however, usu- 
allv serve to differentiate these two condi- 
tions. 

Deformities and displacements may be 
secondary to large tumor masses or to 
enlarged lymph nodes as shown in Figures 
7, 4 and B and 8. 

Collateral circulation is the equivalent of 
the lateral shunt described above and in the 
case of a complete obstruction of a common 





Fic. 6. Presacral hemangioma; rectal pain; palpable presacral mass. (4) Incomplete filling of external iliac 
vein at arrow suggests obstruction. (B) Later roentgenogram of serialographic study demonstrates a 
patent vein with minimal deformity secondary to a pelvic hemangioma which did not fill on the venogram. 
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Fic. 7. Recurrent carcinoma of the rectum. Perineal and right leg pain. (4) Injection of right greater tro- 
chanter. The external iliac vein shows displacement, narrowing, and obstruction (lower arrow). Upper 
arrow indicates well-developed collateral vein secondary to obstruction. (B) Left side injection reveals 
similar changes in the external iliac vein (lower arrow). Abdominoperineal resection has resulted in ob- 
literation of presacral veins. Findings indicate a large pelvic mass producing bilateral obstruction. (Note 
extravasated contrast medium adjacent to right greater trochanter.) 


iliac vein, large abdominal and pelvic col- 
lateral veins will be seen as 1 ท Figures 11 
and 12, 4 and B. Obstruction of both com- 
mon iliac veins or the inferior vena cava 
results in collateral return through the 
vertebral plexus, as in Figures 12, 4 and 5 
and 14. 

While the diagnosis of complete venous 
obstruction may be made with relative 
ease, the diagnosis of partial obstruction 
remains somewhat elusive and unless cor- 
roborated by evidence of deformity or 
displacement, the diagnosis 1s hazardous. 
Despite the difficulty of diagnosis, however, 
we believe that partial obstructions may 
be responsible for edema, with decompensa- 
tion or development of edema dependent 
upon many factors, such as body habitus 
(weight), degree of development of col- 
lateral return, and general condition of 
veins (valves, old thrombophlebitis, and so 
forth). A diagnosis of partial venous ob- 
struction, therefore, will support a diagno- 
sis of pelvic malignant disease only if 
corroborative evidence is present. 

A word of caution is in order. It must be 


remembered that normal venous channels 
of the pelvis do not of themselves indicate 
freedom from cancer, and it mav further be 
stated that evidence deduced from the 





Fic. 8. Hodgkin’s disease; edema of right leg. Right 
greater trochanteric injection. External iliac vein 
is deformed by enlarged lymph node (medial 
arrow). Lateral arrow indicates collateral vein 
secondary to obstruction demonstrated on sub- 
sequent serialographic roentgenogram. 
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liG. 9. Recurrent carcinoma of the uterus; edema of right leg. (4) Right trochanteric injection demonstrates 
complete obstruction of internal and external iliac veins with a shunt to the left side filling the common 
iliac vein. (B) The left internal and external iliac veins are obstructed. The common iliac is patent. The in- 
ferior vena cava is obstructed. The major return pathway from both sides is the vertebral plexus at arrows. 


venogram is of greatest value in the pres- 
ence of positive findings, as opposed to 
exclusion of disease 1 ท the presence of a 
normal venogram. 


EVALUATION 


Ot the 17 cases of pelvic cancer, 11 pre- 
sented signs of lower extremitv edema 
without an associated palpable mass. All 


had previously proven malignant disease 
which had been treated bv one means or 
another. Although the peripheral edema 
was suggestive of recurrent cancer, there 


was no positive evidence of recurrent 
disease. In each instance the venogram 


delineated a tumor mass, enlarged lymph 
nodes or venous obstruction. The evidence 
Was considered sufficient to proceed with 





liG. 10. Reticulum cell sarcoma; edema of left leg. (4) Left greater trochanteric injection demonstrates com- 
plete obstruction of external and common iliac veins with shunt to the right side. Venous return of left leg 
is via the right common iliac vein. (B) Left greater trochanteric injection after 2 mev. roentgen-ray therapy 
to abdomen and pelvis. The left external, internal and commen iliac veins are patent (arrow). Note ab- 
sence of shunt. Extravasation is visible at the injection site. 


wht’ gt M 
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ic. 11. Malignant lymphoma; edema of left leg; 
mass in left lower quadrant. Left greater trochan- 
teric injection demonstrates complete block of left 
external and common iliac veins with a shunt to 
the right. Note angiomatous cluster of veins at 
arrow. 


treatment. In all cases the findings helped 
define the extent of the disease, permitting 
a rational approach to planning radiation 
therapv. 
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In the 3 cases in which a palpable mass 
was present, the venogram demonstrated 
disease in addition to that which was pal- 
pable in 2; in I instance no evidence of 
disease was demonstrated beyond that 
which was palpable, thus helping in the 
planning of therapy. 

In 1 case of recurrent carcinoma of the 
rectum in a man upon whom an abdomino- 
perineal resection had been performed, pain 
was the only symptom. No mass could be 
palpated. The venogram served to demon- 
strate a large pelvic mass. 

In 2 cases venography was performed 
before and after radiation therapy. In 1 
case 1t provided evidence that there had 
been no response of the tumor mass to the 
radiation (Case 7). In the other the tumor 
had produced a block of the veins of one 
side of the pelvis, resulting in a shunt to the 
opposite side. À repeat studv after radia- 
tion therapy demonstrated reduction in the 
size of the tumor mass and re-establishment 
of normal venous return through the previ- 
ously obstructed veins (Fig. 10, 4 and 5). 

In summary, it is apparent that the 
intraosseous venogram serves to help define 
the extent of pelvic malignant disease and 





Fic. 12. Recurrent carcinoma of sigmoid colon. Bilateral leg edema. (4) Right greater trochanteric injection 
demonstrates patent external and common iliac veins. Note well-developed perineal collateral veins and 
filling of vertebral veins. (B) Left greater trochanteric injection demonstrates complete obstruction of the 
common iliac vein. Note extensive collateral return. The inferior vena cava is obstructed. 





lF1G. 13. Carcinoma of the tongue; bilateral leg 
edema. Simultaneous bilateral greater trochanteric 
injection revealed patent external iliac veins. 
Serial studies failed to show opacification of the in- 
ferior vena cava suggesting obstruction. Autopsy 
revealed no evidence of obstruction. Failure of fill- 
ing was apparently secondary to venous stasis of 
congestive heart failure. 


in a few instances it demonstrates disease 
in the absence of physical signs. 


COMPLICATIONS 


Complications have been few. In 1 in- 
stance persistent pain at the site of injec- 
tion proved to be caused by metastatic 
disease which eventually became evident. 
One instance of coma following the proce- 
dure was attributed to cerebral insuf- 
ficiency associated with the general anes- 
thesia. In 1 case of severe osteoporosis, a 
hematoma developed at the injection site. 

In several instances considerable extra- 
vasation of contrast agent into the soft 
tissues took place. In no case were sequelae 
noted. 

There have been no fat emboli. 


SUMMARY 


Intraosseous venography has been per- 
formed on 80 patients. Disease entities, 
injection sites, and complications have been 
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Fic. 14. Carcinoma of the prostate; edema of right 
leg. Simultaneous bilateral greater trochanteric 
injection demonstrates bilateral external and com- 
mon iliae obstruction. Internal iliac veins are filled. 


reviewed generallv. A detailed review of 17 
cases of pelvic tumor is presented. 

In pelvic cancer the procedure helps to 
define the extent of disease when ordinary 
means, such as palpation, history and con- 
ventiona. roentgenography including per- 
cutaneous venography, are inadequate. It 
serves as an excellent means of differentiat- 
ing the various causes of leg edema. 

In our experience the procedure has been 
safe and ‘ree of serious complications. 

The diagnosis of complete venous ob- 
struction is relatively simple, but the pre- 
cise relationship between partial venous 
obstruction and edema of the extremities 
remains elusive and demands further study. 


Robert E. Wise, M.D. 
Lahey Clinic 

605 Commonwealth Avenue 
Boston, Massachusetts 
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FTERLOADING is simple in principle, 
but one must be on guard against two 
UR mishaps. The first one is the im- 
proper placement of the radioactive sources 
in the previously inserted applicators, 
needles, or tubes. This can be avoided by 
careful design of the applicator and by sim- 
ple ways of checking the position of the in- 
serted sources. The second potential danger 
is the radiation exposure during the intro- 
duction and removal. More radiation ex- 
posure may be encountered if the after- 
loading of the radioactive sources cannot be 
done smoothly and more quickly than might 
have occurred if a loaded applicator had 
been inserted. This must be overcome by 
suitable designs, special instruments, and 
sufficient training and practice with dummy 
sources, 
THE AFTERLOADING PRINCIPLE 
In Figure 1 the principle of afterloading 
is illustrated. The two sketches show the 
two characteristic steps of an afterloading 
technique, namely: Step 1, the insertion of 
unloaded tubes or Applicators and Step 2, 
the afterloading with radioactive sources. 
This atterloading principle can be uti- 
lized in many ways. For intracavitary ther- 
apy, such as therapy of carcinoma of the 
cervix, of the nasopharynx, of the bladder, 
of the ‘esophagus, of the maxillary antrum, 
and of other natural or artificially created 
cavities, applicators in conventional form 
and shape but with tubes extending outside 
of the body can be used for later afterload- 
ing of the radioactive sources. For inter- 
stitial therapy, hollow empty needles or 


plastic tubes can be inserted into the tissue 
with one or both ends brought out through 

the skin. The radioactive sources, usually in 
another tube, are then after loaded at a 
later time. 


ADVANTAGES OF AFTERLOADING 


The appeal of afterloading for interstitial 
and intracavitary therapy lies in a number 
of advantages, which we will discuss under 
the three WO of (1) lower radiation ex- 
posure (2) better availability and (3) higher 
accuracy. 

Lower radiation exposure is a feature 
which is gaining steadily in importance. 
True afterloading techniq ues completely 

eliminate radiation exposure in the operat- 
ing room, in the recovery room, and in the 
diagnostic radiology department. If a 
special room is set aside in which the actual 
insertion of the radioactive sources is done 
and in which the patient stays during the 
time of treatment, and 1f a safe 1s provided 
in or adgicent to this room, the radioactive 
sources are entirely confined to a small and 
easilv controlled area. Further reduction of 
radiation exposure is possible by observa- 
tion of the patient through a closed circuit 
television arrangement. For special nursing 
procedures which require a longer time, the 
radioactive sources can be removed tem- 
porarily. The afterloading itself, as well as 
the removal, i is possible with little radiation 
exposure. 

Better availability is the second important 
feature of afterioading procedures. After- 
loading techniques require little advance 
preparation, since only unloaded tubes and 
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applicators have to be available at the ini- 
tial insertion. They can be kept sterile in 
the operating room, readv for immediate 
insertion. Thus the presence of a radiation 
safety expert in the operating room is not 
required. The radioactive sources can be 
ordered later in exactly the right number, 
strength, and shape, and no unnecessary 
sources have to be transported around the 
hospital. If the procedure is a joint under- 
taking of the radiation therapist and 
another specialist, for instance, the surgeon 
or gynecologist, a division of labor is possi- 
ble by having the surgical specialist insert 
the applicator. The radiation therapist can 
insert the radioactive sources later after 
proper planning and at his convenience. 
Afterloading thus obviates manv of the 
organizational problems which have 
plagued interstitial and intracavitary radia- 
tion therapy. 

Higher accuracy is the third feature which 
accounts for the appeal of afterloading. 
Afterloading greatly improves the accuracy 
of most insertions since the position of the 
unloaded radioactive tubes and applicators 
can be palpated directly. In contrast, the 
position of radioactive tubes and applica- 
tors cannot be checked by palpation with- 
out greatly exceeding the permissible dose 
to the fingertips. The accuracy can be fur- 
ther enhanced by the possibility to arrange 
and 1f necessary rearrange the radioactive 
sources in an optimal pattern after studv- 
ing the dose distribution from the inserted 
sources by roentgenograms of the dummy 
sources and by direct dose measurements 
with a scintillation dosimeter after insertion 
of the radioactive sources. 


HISTORICAL REVIEW 


We thought at one time that afterloading 
was our original development, but found 
out later that Strebel” in 1903 and Abbe! 
in IgIO had introduced a tube into the 
center of the tumor and then inserted a 
radium capsule into it. Strebel must thus 
be credited as the originator of afterloading 
in radiation therapy. 

In 1953, we described an afterloading 
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I, INSERTION 


of unloaded tubes 
or applicators 


2. AFTERLOADING 


with radioactive 
sources 


Fic. 1. Principle of afterloading. 





technique for interstitial implants with gold 
198 seeds.!* Afterloading proved so valuable 
that we soon employed the principle in all 
our interstitial and intracavitary radio- 
isotope applications. Other afterloading 
techniques with radioactive sources have 
been described by Fishman and Citrin,’ 
Mowatt and Stevens,? Pierquin, Chas- 
sagne, and Gasiorowski,? Morphis,!? Scal- 
lon,” Wolever and Brooks,?? Suit, Shalek, 
Moore, and Andrews,? Suit, Moore, Flet- 
cher, and Worsnop,? and Pierquin and 
Chassagne.” 

Afterloading with radioactive solutions, 
first used in 1949 by Müller? and by Wal- 
lace, Walton and Sinclair?’ for bladder 
tumors, was applied to interstitial implan- 
tation by Harper and Lathrop? in 1954. 
Fluids are in principle the ideal source for 
afterloading because they can be intro- 
duced through very small tubes and around 
corners, but it is difficult to prevent spillage 
with certainty. The Lockheed Aircraft Cor- 
poration had initiated at one time a project 
to design and build a safe afterloading de- 
vice for radioactive fluids, but discontinued 
pt 


TYPES OF AFTERLOADING 
REMOVABLE INTERSTITIAL IMPLANTS 


Our main indication for removable inter- 
stitial implants is the treatment of unre- 
sectable but localized superficial and intra- 
oral tumors which show unsatisfactory re- 
sponse to external radiation therapy. They 
also are preferred over surgical excision if 
the latter would cause severe functional im- 
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Fic. 2. Afterloading for removable interstitial im- 
plants. Top: Insertion of unloaded nylon tubes in 
and around the tumor. Bottom: Afterloading with 
radioactive seeds in nylon ribbons. 


pairment. In removable implants the con- 
trol of the dose and of the distribution 1s 
more accurate than in permanent implants 
and they are therefore preferred if cure ap- 
pears possible. 

Figure 2 show the afterloading tech- 
nique which we have worked out for re- 
movable interstitial implants. The first 
step is the insertion of unloaded nylon 
tubes in and around the tumor. This 1s แร น - 
ally done in the operating room under gen- 
eral anesthesia. After hollow stainless steel 
needles are carefully positioned, empty ny- 
lon tubes are threaded through these 
needles and secured on each side bv special 
buttons. Modifications of this technique are 
used for intraoral tumors (loop technique) 
and for tumors which are accessible from 
onlv one side (blind end technique). 

The second step is the afterloading with 
radioactive seeds in nvlon ribbons. This is 
our standard procedure to afterload the เท - 
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serted unloaded nylon tubes. We prefer in- 
dividual iridium 192 seeds, but have also 
employed gold 198, cobalt 60 and radon 222 
seeds. Iridium 192 wire? or tantalum 182 
wire can also be used. The nylon ribbons 
with the iridium 192 seeds are secured 
within the outer nvlon tubes by a small 
clip. At the end of the implantation time, 
which usually varies from $ to 8 days, all 
inner nylon ribbons with the iridium 192 
seeds are pulled out first by means of a 
special instrument which cuts only the 
outer nvlon tube. 

Before the afterloading, the optimal 
strength and distribution of the radioactive 
seeds is planned on the basis of measure- 
ments on the patient with a centimeter 
ruler and roentgenographic studies of the 
implant with dummy seeds in the nylon 
tubes. For two-plane and volume implants, 
we usually make a model of the implant. 
This is done by first making an impression 
of the contour of the skin with dental mold- 
ing compound or plaster of Paris. From 
this negative impression a positive model 
is made, which shows the buttons as well as 
the direction of the nylon tubes. Holes are 
then drilled through the center of each but- 
ton impression and nylon tubes of the same 
size and length as used in the actual im- 
plantation are inserted through it. This in 
itself provides a fairly good reconstruction 
of the implant; final adjustments are made 
by comparison with roentgenograms. 

The dosimetry for the implants is done 
by our Physics Department. Stereoscopic 
anteroposterior and lateral roentgenograms 
are taken in order to localize the seeds and 
to determine the configuration of the im- 
planted volume. In the past the Paterson- 
Parker system has been used, but a new 
system developed by the Physics Depart- 
ment is now emploved.!? This Memorial 
system includes corrections for absorption 
and scattering and can be used for both 
uniform and non-uniform distributions. 

The Memorial system provides the mg. 
hr. to deliver 1,000 rads at various points in 
the implant. For planar implants, the dose 
at two points is given, namely: (1) refer- 
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ence maximum, and (2) minimum periph- 
eral. For volume implants the dose is given 
for three points, namely: (1) reference 
maximum, (2) centerline peripheral, and 
(3) minimum peripheral. For all regular 
planar and volume implants, isodose curves 
are available which provide a complete pic- 
ture of the dose distribution. When an im- 
plant is of a very irregular shape, a 160 A 
Control Data Computer is used which can 
caleulate and plot a complete one-plane 
dose distribution in less than an hour. In 
addition, skin and mucosal measurements 
in roentgens per hour are made directly on 
the patient with an instrument which has a 
flat anthracene crystal connected through 
a light pipe to a photo-multiplier tube, 
which in turn is connected to a DC ampli- 
fier. 


PERMANENT INTERSTITIAL IMPLANTS 


Our main indication for permanent inter- 
stitial implants is the interstitial implanta- 
tion of intrathoracic and intra-abdominal 
tumors which show unsatisfactory response 
to external radiation therapy. Permanent 
implants are preferred in these cases over 
removable implants because they require 
less dissection and manipulation, no fur- 
ther procedure such as removal is required, 
and the chance of infection is more remote 
since no open pathway remains. Small 
permanent implants also find good use for 
the palliative treatment of superficial and 
intraoral tumors, because thev can be done 
quickly under local anesthesia and the pa- 
tient need not be hospitalized. 

ไท contrast to the other afterloading 
techniques described here, our technique 
for permanent interstitial implants | Is not à 
perfect afterloading technique because the 
radioactive seeds have to be inserted during 
the operation. It appears justified, how- 
ever, to include this technique with the dis- 
cussion of our other afterloading tech- 
niques because all needles can be placed 
and checked before the radioactive seeds 
are introduced. 

Figure 3 shows the afterloading tech- 
nique which we have devised for permanent 


Afterloading 





Afterloading for permanent interstitial im- 


Fic. 3. 
plants. Top: Insertion of hollow, stainless steel 
needles in and around the tumor. Bottom: After- 
loading with radioactive seeds. 


interstitial implants. The first step is the 
insertion of hollow stainless steel needles in 
and around the tumor. This is possible with 
good accuracy if one hand can be placed 
under the tumor. The correct placement of 
the needles can then be ascertained by pal- 
pating the position of the needlepoints with 
the fingertips. If the tumor is accessible 
from one side only, proper insertion is diffi- 
cult. ไท this case a good guide is often the 
consistency of the tumor, which is different 
from that of normal tissue. 

The second step is the afterloading with 
radioactive seeds, which is usuallv carried 
out immediately after insertion of the hol- 
low needles. Several seeds, usually spaced 5 
to 20 mm. apart, are afterloaded into one 
needle with a special instrument. We have 
used gold 198, radon 222, and iridium 192 
seeds most frequently in this technique. 

Tentative calculations of the dose are 
made in the operating room before the 
radioactive seeds are inserted. The im- 
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Fic. 4. Afterloading for internal mammary artery 
implants. Top: Insertion of the unloaded nylon 
tube into the internal mammary artery. Bottom: 
Afterloading with a radioactive cobalt 6o or irid- 
jum 192 wire. 


planted volume is estimated from measure- 
ments of the outside portion of the 15 cm. 
long hollow needles. The desired dose 1s 
then decided upon. Next, the number of 
seeds necessary to give this dose is read 
from a nomogram. Final calculations are 
made later from roentgenograms of the 
actual position of the seeds. If possible, 


surface measurements are made with a flat 
scintillation crystal. 


INTERNAL MAMMARY ARTERY IMPLANTS 


Our main indication for implants inside 
the internal mammary artery is the treat- 
ment of the internal mammary lymph node 
chain supplementary to the radical mastec- 
tomy. Most of the small internal mam- 
mary lymph nodes lie close to the artery 
and these receive with our technique a 
higher dose than can be delivered by ex- 
ternal radiation therapy. Larger internal 
mammary lymph nodes require additional 
external therapy, but most patients with 
large internal mammary lymph nodes prob- 
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ably already have distant metastases and 
treatment of the internal mammary area 
can therefore not be expected to halt the 
dissemination. 

Figure 4 shows our afterloading tech- 
nique for internal mammary implants. The 
first step is the insertion of the unloaded 
nylon tube into the internal mammary ar- 
tery, which is usually carried out at the end 
of the radical mastectomy. The internal 
mammary artery is dissected free in the 
first or second intercostal space on the 
mastectomy side and is ligated close to the 
upper rib. Through a small slit in the inter- 
nal mammary artery, a thin nylon tube 
closed at one end is inserted for a length of 
15 cm. The other end of the nylon tube is 
brought out through the skin in the supra- 
clavicular fossa and is secured here by a 
button. The whole procedure is simple, fast, 
and has caused no complications. 

The second step is the afterloading with 
a radioactive cobalt 60 or iridium 192 wire. 
This is usually done on the day following 
the radical mastectomy, in the patient’s 
room. The radioactive wire is 15 cm. long 
and is enclosed in a stainless steel tube 20 
cm. long. It can be quickly inserted into 
the nylon tube with a long clamp. After 5 
to Io days, depending on the activity, the 
radioactive wire is quickly removed and the 
nylon tube is then pulled out. Since the 
patient usually stavs in the hospital for 10 
days after the radical mastectomy, this 
procedure does not increase the hospital- 
ization time. 

The wire is ordinarily left in place for a 
total of 2,500 mg. hr. radium equivalent. 
During this time a dose of 9,000 r 1s de- 
livered to the surface of a cylinder 1 cm. in 
diameter around the internal mammary 
artery. No complications have developed 
with this dose, which has been used for over 
5 years. 


UTERUS APPLICATORS 


Our main indication for the uterus after- 
loading applicator is the treatment of car- 
cinoma of the cervix. The applicator can 
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also be used for treatment of carcinoma of 
the uterine fundus by supplementary 
afterloading of the central uterine tube with 
a short source in the fundus. 

Figure 5 shows the afterloading tech- 
nique which we have worked out for our 
uterus afterloading applicator. The first 
step is the insertion of the unloaded appli- 
cator, which is usually carried out under 
general anesthesia in the operating room. 
The applicator has a uterine and a vaginal 
part. The uterine part consists of a long, 
curved stainless steel tube. It slides through 
a hole in the main joint of the applicator 
and is secured in the desired position by a 
set screw. The vaginal part of the applicator 
consists of two lateral tubes each ending in 
a hemispherical vaginal spacer, and of a 
pushrod mechanism by which the lateral 
tubes can be spread and locked into posi- 
tion after the applicator has been inserted 
into the vagina. Distance to the rectum 1s 
increased either by gauze packing or by an 
inflatable rubber bag. 

The second step is the afterloading with 
the radioactive sources, which is usually 
done after the patient has been returned to 
her room and after localization roentgeno- 
grams have been taken. We use cobalt 60, 
cesium 137, radium 226, or iridium 192 
sources. For the lateral vaginal spacers, 
short strong sources enclosed in one end of 
a stainless steel tube are used. For the 
uterine tubes, radioactive sources in a nylon 
tube are employed. Their number and 
position is chosen according to the length 
of the uterine tube and the desired radia- 
tion distribution. 

For the basic dosimetry, tables have 
been computed by our Physics Depart- 
ment, which give for the usual loading pat- 
terns the dose rates at Points A and B. In 
many cases complete dose distributions are 
plotted in addition with a 160 A Control 
Data Computer. The rectal dose is meas- 
ured directly with the same scintillation 
meter as used for removable implants, but 
a small cylindrical anthracene crystal is 
employed in this case. 


Afterloading 








Fic. 5. Afterloading for uterus applicator. 


Top: 
Insertion of the unloaded applicator. Bottom: 
Afterloading with the radioactive sources. 


INTRACAVITARY INJECTION OF RADIOCOLLOIDS 


The indications for intracavitary injec- 
tion of radiocolloids are twofold: (1) Post- 
operative injection for actual or suspected 
spillage of tumor cells in the abdominal or 
thoracic cavity, especially in ovarian malig- 
nancies and mesotheliomas and (2) sup- 
pression of fluid formation after thoracente- 
sis or paracentesis. 

Figure 6 shows our afterloading tech- 
nique for the postoperative injection of 
radiocolloids. The first step is the insertion 
of unloaded plastic tubes. The “sprinkler” 
end of a long nylon tube is inserted into the 
cavity at the end of abdominal or thoracic 
operations. The other end of the nylon tube 
is brought out through the skin and secured 
here with a button. The sprinkler end of 
the tube is placed in the region where the 
highest concentration of the radioactive 
colloid 1s desired. For even distribution in 
the abdomen, two sprinkler tubes are used. 

In the case of palliative use of radiocol- 
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Fic. 6. Afterloading for intracavitary injection of 
radiocolloids. Top: Insertion of unloaded plastic 
tubes for postoperative injection of radiocolloids. 
Bottom: Afterloading with radiocolloids. 


loids for the suppression of malignant 
effusions, a simple plastic tube is inserted 
through a needle at the time of thora- 
centesis or paracentesis. 

The second step is the afterloading with 
radiocolloids. This is usually done soon 
after the insertion of the plastic tube, but 
can also be done a few days later in case 
drains are used or the radiocolloid is not 
immediatelv available. 4 bottle ล ร em- 
ploved for intravenous infusions with the 
radioactive colloid diluted to the proper 
degree is connected to the outer end of the 
tube and the radioactive colloid is injected 
by gravity and air pressure. As radiocol- 
loids, we prefer the beta-emitting radio- 
isotopes, phosphorus 32 and yttrium go, 
because compared with the gamma-emit- 
ting gold 198, the handling is simpler, the 
patient does not have to be hospitalized, 
and no radiation sickness occurs. 

Afterloading in this application makes it 
possible to inject a small amount of radio- 
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colloid frst and to scan the cavity for uni- 
formity and size of the covered area. This 
information gives a sound basis for the 
individualization of the dose. 


NASOPHARYNX APPLICATOR 


Our main indication for the nasopharynx 
applicator is the treatment of malignant 
tumors of the nasopharyngeal cavity, sup- 
plementary to external radiation therapy. 

Figure 7 shows the afterloading tech- 
nique for our nasopharynx applicator. The 
first step is the insertion of the unloaded 
applicator, which is usually carried out 
under topical anesthesia in the same way 
as one places a posterior nasopharyngeal 
pack. The applicator is composed of a 
plastic sphere connected to two nylon 
tubes. To place it in the nasopharyngeal 
space, two small rubber catheters are first 
introduced through the nose and brought 
through the mouth. The oral end of each 
catheter is then connected to one of the 
nylon tubes of the applicator. The rubber 





Fic. 7. Afterloading for nasopharynx applicator. 
Top: Insertion of unloaded applicator. Bottom: 
Afterloading with radioactive sources. 
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catheters and the nylon tubes are then 
pulled back through the nose and the plas- 
tic sphere is at the same time pushed with 
a finger behind the uvula until it lies in the 
nasopharyngeal cavity. Metal tubes with 
dummy sources are now introduced into 
each one of the nylon tubes. The metal tubes 
are of hardened stainless steel and have 
a certain elasticity by which the applicator 
is firmly fixed in place but without causing 
undue discomfort. 

The second step is the afterloading with 
the radioactive sources, which is usually 
done right after localization roentgeno- 
grams have been taken. We are using cobalt 
60 sources but radon 222, cesium 137, and 
iridium 192 sources are also suitable. These 
sources are 1 cm. in length and are en- 
closed in the end of a stainless steel tube of 
the same tvpe as used for the dummy 
sources. 

The dose on the surface of the applicator 
and at different distances from it as well as 
the required time to deliver the desired dose 
is taken from a table, since the sources 
have predictable relative positions. A total 
of 1,000 mg. hr. is given in two applica- 
tions. We usually use sources of 80 to 120 
mg. to give one application for 4 to 6 hours. 


URETHRA APPLICATOR 


Our main indication for the urethra 
afterloading applicator is the treatment of 
primary carcinoma of the female urethra. 
This applicator combines an interstitial 
implant around the urethra with an intra- 
cavitary application in the urethra and 
bladder. 

Figure 8 shows the afterloading tech- 
nique for our urethra applicator. The first 
step is the insertion of the applicator, which 
is done in the operating room under general 
anesthesia. The essential element of this 
applicator is a template which permits the 
insertion of 6 needles in a circle around the 
urethra. These needles are 1 cm. from each 
other and also 1 cm. from the center of the 
urethra. The plexiglass template is fixed by 
means of a central hole to a No. 28 gauge 
Foley catheter with a 30 cc. bag, into which 
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Fic. 8. Afterloading for urethra applicator. Top: 
Insertion of urethra afterloading applicator. Bot- 
tom: Afterloading with radioactive sources. 


a No. 6 gauge stainless steel tube 1s inserted 
for stabilization. 

The Foley catheter with the stainless 
steel tube inserted into it is first introduced. 
The Foley bag is then filled with water and 
is pulled back against the floor of the 
bladder. The plexiglass template 1s now ad- 
vanced to the urethral meatus and is fixed 
in this position by a set screw. Next, the 
No. 17 gauge stainless steel needles, which 
are closed at their tips with silver solder, 
are inserted around the urethra through 
the template. They can be inserted with 
their tips right against the wall of the blad- 
der without perforating it, 1f the position 
in which the tip of the needle is a few 
millimeters from the Foley bag is indicated 
by a mark on the Foley catheter. The 
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needles are then fixed in their proper posi- 
tion bv set screws. 

The second step is the afterloading with 
the radioactive sources, which is usually 
done in the patient's room. We have used 
iridium 192 seeds in nvlon tubes because we 
have them available for other removable 
implants. However, gold 198 seeds or wires, 
cobalt 60 seeds or wires, tantalum 182 seeds 
or wires, and radon 222 seeds or long tubes 
can also be used. 

The loading of the needles is planned on 
the basis of the location and the size of the 
tumor. For anterior tumors the tubes are 
loaded evenly in such a wav that the last 
radioactive source is I to 3 cm. outside of 
the urethra. In this wav the maximum dose 
is at the level of the anterior urethra. For 
posterior tumors, a radioactive source is 
used in the center of the Foley bag. In this 
way a high dose can be delivered to the 
posterior urethra and the trigone of the 
bladder, which do not receive an adequate 
dose from the implanted peripheral needles. 

The implant is usually planned in such a 
way that the desired dose is delivered in 5 
to 8 days. At the end of this time, the bag 
is deflated and the whole arrangement can 
then be removed quickly and with minimal 
discomfort to the patient. 

These implants like all other "stabilized 
implants" are particularly suitable for 
dosimetric analysis by computers because 
all positions in which radioactive sources 
can be placed are accurately defined in 
three dimensions. With a fast computer 
like the 160 A Control Data Computer 
available here, isodoses can be quickly 
plotted for various arrangements and the 
one most suitable for the particular patient 
can be chosen. All of our urethral applica- 
tions have been plotted by computers 
available in our Physics Department. 


SUMMARY 


In summary, afterloading techniques 
eliminate radiation exposure for most hos- 
pital personnel, satisfy federal, state and 
city regulations, add to the convenience of 
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the physician, and last, but not least im- 
prove tae care of the patients. 


Ulrich K. Henschke, M.D., Ph.D. 
Memoria. Sloan-Kettering Cancer Center 
444 East 58th Street 

New York 21, New York 
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TESTING RADIUM CAPSULES FOR 
RADON LEAKAGE 


By ROBERT G. GALLAGHAR,* ROBLEY D. EVANS, Pu.D.,t aud R. G. McALLISTERZ 


HOPKINTON, MASSACH USETTS 


ADIUM continues to be used in many 

hospitals, principally for intracavitary 
and interstitial y-ray therapy. The use of 
encapsulated radium for external y-ray 
therapy has been largely supplanted by 
high curiage Co*? teletherapy units, high 
voltage roentgen-ray machines and particle 
accelerators arranged to produce roentgen 
rays. 

A limited industrial use continues but 
the total quantity involved, compared with 
the quantity used for medical purposes, 1S 
relatively small. Because of the 1,620 year 
half-life of radium, it is very convenient as a 
calibration source for radiation survey in- 
struments and a number of organizations 
possess radium for this purpose. As men- 
tioned above, it is used to a limited extent 
for industrial radiography, even though the 
reactor produced radioisotopes, Co" and 
Tr!9 are much less expensive. 

The highly expensive decontamination 
procedures required in a hospital radiology 
department when a radium capsule rup- 
tured has been described previouslv by one 
of the present authors and a colleague.’ Po- 
tential hazards from spills are shared by 
our hospitals with industry; the most ex- 
pensive spill on record resulted when an 
air-lifted sealed radium calibration source 
ruptured in a factory. The total cost of this 
accident was approximately $250,000 at the 
time settlement was made.* It may have in- 
creased since then because of many years of 
vacancv of the building involved. 

Careful handling, periodic examination, 
periodic re-encapsulation and leak testing 
to check the integrity of the hermetic seal 
of the capsules are measures that should be 
taken bv all users of "encapsulated radium 
sources" to prevent contamination with 


radon da: ghters, to reduce the chance ofan 
accidental spill o? the salt and to ensure the 
expected y dose per milligram of radium 
content. 

It is the purpose of the authors to de- 
scribe a more sensitive leak test method for 
hermeticallv sealed radium cells, tubes and 
needles so "leakers" may be found and 
taken out of service before anv of the ra- 
dium salt is spilled, and to eliminate the use 
of sources that are not delivering the ex- 
pected y dose at the earliest possible mo- 
ment. Also given are the results of our leak 
testing over a period of several years. 


CHEMECAL AND PHYSICAL CHARACTERIS- 
TICS OF RADIUM 


The physical and chemical characteris- 
tics of radium and its decay products have 
been extensively studied since the Curies 
separated and named radium in 1898. This 
information is given in detail by several 
authors! +1 and only those properties hav- 
ing direct bearing อ ท the problem of ra- 
dium spills and leaking containers will be 
treated aere. 

1. The radium salts (RaBr», RaCh, or 
RaSO,) are in the form of a finely divided, 
dry powder when loaded into the tu bes or 
needles. 

2. In its radioactive disintegration ra- 
dium changes into radon, a “noble” gas, bv 
emission of a particle. 

3. Redon in turn, transforms through a 
series of 7 radioactive decay products, 
headed bv radium A (polonium 218), ulti- 
mately becoming a stable lead 206. Each of 
these decay products of radon is a radio- 
active isotope of either thallium, lead, bis- 
muth, or polonium, and hence is a solid at 
room temperatures. 


* Applied Health Physics, Inc., Pittsburgh, Pennsylvania. Formerly with Liberty Mutual Research Center. 
t Professor of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts. 


t Liberty Mutual Research Center, Hopkinton, Massachusetts. 
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4. Radium and radon are a emitters with 
no important y radiation. The y rays as- 
sociated with radium sources are in fact 
emitted principally in the 8 decav of the 
daughter products radium B (lead 214) and 
radium C (bismuth 214). Therefore radium 
and radon must be in equilibrium with 
their y-emitting daughters to be useful as a 
source of y radiation. 

When a radium tube or needle loses its 
hermetic seal, it continuouslv leaks radon 
gas which, if at all confined, will remain 
long enough to undergo radioactive decay 
and produce particulate radon daughters 
that will adhere to the sides of the lead 
storage container, the transport container, 
and will, ultimately , contaminate the “L ” 
block, applicators and other equipment. 
Escape of radon gas from a "sealed" radium 
container should act as an immediate red 
flag, particularly if the capsule is closed 
with a press-fit plug that has been soldered 
to effect a gas tight seal. Escaping radon 
indicates that the solder has deteriorated 
and the plug may drop out, as has been the 
case In some very serious spills reported in 
recent years. 

When a radium spill occurs, the physical 
state of the encapsulated radium salt—as 
an extremely fine dry powder—and the 
high radiotoxicity of this radioisotope com- 
bine to accentuate the seriousness of the 
exposure to individuals in the vicinity, to 
inhalation of the finely divided dust, as well 
as the contamination problem. Unless 
prompt and stringent control measures are 
taken, past experience has shown wide- 
spread tracking almost invariably occurs 
with consequent high decontamination ex- 
pense. 


TYPES OF RADIUM CONTAINERS 


American style radium containers are 
commercially available as 9o per cent plati- 
num, IO per cent iridium alloy cells, needles 
and tubes, in a wide range of sizes and 
radium content, best suited to the varving 
needs of the radiologist. The extremely 
small, easy to lose, platinum-iridium cells 
are now used widely by hospitals. The 
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smallest have an outside diameter of 1.0 
mm. with an external length of 11.5 mm. 
Cells have been available from some sup- 
pliers with wall thicknesses of either 0.2 
mm. or o.§ mm., with the radium content 
ranging up as high as io mg., the diameter 
up to 1.90 mm. and the length up to 64 mm. 

Inasmuch as 0.5 mm. of gold or platinum 
is needed to filter out most of the primary 8 
particles from radium in equilibrium with 
its decay products, most radium dosage 
charts are calculated on the basis of o. mm. 
platinum equivalent filtration; the o.2 mm. 
wall thickness cells are normally loaded into 
hollow needles or tubes for use, having 0.3 
mm. Pt-Ir alloy wall thicknesses to give a 
total filtration of o. mm. 

Containers for larger quantities of ra- 
dium, in the 25 to 100 mg. range, have 1.0 
mm. thick walls, are considerably sturdier 
as a consequence and much less likely to be 
bent or crushed. 

Some needles and tubes were direct-filled 
and sealed; others were loaded with sealed 
cells and then the outside needle or tube 
was again sealed, giving an additional fac- 
tor of safety. All preparations from one 
supplier in the form of needles and tubes 
that have been shipped during the past 
several years on a direct sale basis have 
been sealed with gold solder into cells which 
were in turn gold-solder sealed into an outer 
container in the form of a needle or tube.’ 
This supplier furnishes radium sources for 
industrial radiography in all monel cylin- 
ders that are usually enclosed in duralumi- 
num cartridges when in use. 

Surface applicators (plaques) are avail- 

able in almost anv size and strength desired 
by the radiologist. They are designed to 
contain a given size and number of cells, or 
needles, so the hermetically sealed unit is 


still the individual cell or needle. Monel 
metal nasopharyngeal applicators are 
widely used. Though apparently verv 


sturdy containers, we have found some 
which were leaking radon. 

Occasionally, a user of radium is found 
with the “European” style of encapsula- 
tion. One type is the sealed quartz capsule 
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placed inside a metal container with a 
screw thread cap. Experience has shown 
that this form of encapsulation can be 
hazardous. One such source was involved 
in a verv expensive spill. 

Radium for industrial radiography mar- 
keted by another supplier was encapsulated 
in silver, right cvlinders, in the form of the 
sulfate, with all Joints sealed by brazing. 
Usuallv, the sources were placed in a steel 
outer container if a magnetic handling pole 
was to be used, and in aluminum “plumb 
bob" tvpe containers if they were to be 
handled bv string. 


NEED FOR LEAK TESTING 


The average Community Hospital has 
about 100 mg. of radium divided into from 
15 to 20 individual cells, capsules or needles, 
if it has any radium at all. The larger hospi- 
tals associated with Medical Schools, or 
specializing in radium therapy, may havea 
much greater inventory-~400 to S00 mg. 
divided into 100 or more containers. Onlv 
one radon gas “leaker” in the lot can spread 
low-level radon daughter contamination 
widely. Surveys have shown that the in- 
terior surfaces of a hospital's lead storage 
container, its carrving container, applica- 
tors, and usually much of the handling 
equipment will be contaminated to a low 
level though no more than 1 or 2 capsules 
were found to be leaking. This contamina- 
tion mav not be serious as a health haz- 
ard—the amount of long-lived radon 
daughters that is likely to be inhaled or in- 
gested is extremely small. Nevertheless, it is 
an undesirable situation; the leaking con- 
tainer is not producing the y dose on which 
the radiologist is basing his calculations, 
and the potential hazard of a spill of the 
radium salt is increased greatlv, when the 
capsule is defective to the extent that it is 
leaking radon. 

TYPES OF LEAK TEST 

Leak testing of radium capsules and 

needles was accomplished, originally, by 


laving them on cotton for at least 24 hours 
and then measuring the amount of activity 
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on the cctton with the best instrument at 
hand. A refinement on this method was to 
seal the radium capsules individually in 
small test tubes with a wad of cotton for a 
suitable period. To overcome the large self- 
absorption of the cotton when counting « 
activitv, the cotton was replaced with filter 
paper disks placed at the top of each test 
tube so as to avoid physical contact with 
the capsule or needle. (Experience has 
shown that a counting is much more sensi- 
tive then measuring the 8 and y radiation.) 
The filter papers then were counted for a 
activitv from the radon daughters absorbed 
onto the surfaces.* From 24 to 72 hours was 
found to be a sufficient length of time to 
keep the filter papers sealed in the test 
tubes with the capsules. A portable Sam- 
son or Gas Flow Alpha Survey Meter was 
used to measure ๓ activity absorbed onto 
the filter papers. 

The above described methods have cer- 
tain disadvantages. Because of lack of 
sensitivity, frequently, needles or cells 
leaking radon only slightly are difficult to 
detect with anv certaintv. Also, it may be 
inconvenient to wait 24 hours, or even 
over night, to check the filter papers for 
activity when making field surveys. Àn 
electrostatic method of testing for radon 
leakage described below satisfies the re- 
quirements for greater sensitivity and 
eliminates the 24 hour wait before counting 
the filter papers. 

The electrostatic leak test apparatus 
shown in Figure 1 was built by one of the 
authors at the M.I.T. Radioactivity Cen- 
ter, to leak test low level radium containing 
mixtures sealed 1 ท small vials. The 1 inch 
inside diameter, 6 inch long glass tubes are 
sealed when in use with rubber stoppers 
dipped in Dekadhese to prevent absorption 
of radon. The thin copper sheet electrodes 
mounted on each of the rubber stoppers col- 
lect a large fraction of the first daughter 
products of all radon atoms which decay in 
the free volume of the glass tube, because 
these daughter products carry a net posi- 
tive charge immediately after their forma- 
tion by e decay. The 300 volt battery 
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which provides the electrostatic collecting 
potential is a type readily available, and its 
life when used for this purpose is limited 
only by the shelf life. Anv other direct cur- 
rent supply of the order of จ ๐ ๐ volts is, of 
course, equivalent. Electro-deposition of 
radon daughters occurs on both electrodes; 
however, repeated counts have shown the 
amount of a and 8 activity on the cathode 
(negative electrode) to be about 10 times 
greater than on the anode. This is to be ex- 
pected because of the net positive charge of 
freshly formed daughter products. There- 
fore, in routine use only the activity on the 
cathode is counted. With this device a leak 
corresponding to the radon produced by 
0.0004 mg. of radium can be easily detected 
by counting the radium B and radium C £- 
ray activity of the negative electrode, with 
an end-window  Geiger-Müller counter, 
after 1 hour of storage of the radium source 
in the collecting tube. For short collection 
times the growth of radon in the collector 
from a leaking radium source is linear with 
time. Hence, a 1 per cent leak in a 1 mg. 
radium needle is easily detected with this 
device with only a 3 minute collection 
time. The 8 activitv of the collecting elec- 
trode, after removal from the collector, 
decays with time in accord with the Bate- 
man equations? controlled mainly by the 27 





Fic. r. Electrostatic leak test apparatus used at 
M.I.T. Radioactivity Center to test for radon 
leakage from low level, radium containing mixtures 
sealed in small vials, as developed by R. D. Evans 
as a part of Manhattan District and Atomic 
Energy Commission contract No. W-22-075-eng-13. 
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Fic. 2. Modification of electrostatic leak test ap- 
paratus, capable of leak testing 30 therapeutic 
radium sources at a time. Shielding not shown. 


minute half-period of radium B. If radium, 
rather than merely radon, has leaked out of 
the vial or needle being tested, the collector 
will continue to accumulate daughter 
products after removal of the vial or needle. 

Figure 2 shows a modification of the leak 
test apparatus that has been found to be 
more suitable for field use to test encapsu- 
lated radium in hospitals. Thirty 4 inch 
(7 mm.) inside diameter polyethylene 
tubes 22 inches (7 cm.) long were cut from 
stock and brass plugs to serve as electrodes 
(cathodes) were provided with necks for 
easy gripping with 6 inch long lock forceps 
when inserting or removing them when 
radium is present in the tubes. During leak 
tests the radium containing tubes are 
placed in the small rectangular wooden 
block, resting on coiled spring contacts 
soldered to brass bus bars. By placing a 1 
inch thick lead brick on the cathodes, good 
electrical contact is assured for top and 
bottom electrodes in each tube and some 
shielding is provided. The battery is con- 
nected with leads having an alligator clip 
on one end and a banana plug on the other. 
The 1 inch thick lead brick serves as the 
negative electrode. 

In use, lead bricks and the hospital’s 
“L” block are utilized to reduce radiation 
dose rates to safe levels outside the radium 
storage room. If no lead bricks are avail- 
able, the lead-lined deep roentgen ray 
therapy room may be used, usually, late in 


the day. 
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Fic. 3. Split lead block vise used to hold poly- 
ethylene tubes during removal of cathodes. Also 
shown are polyethylene tubes and wooden block 
used to hold them during leak testing. 


The capsules must be held while insert- 
ing or removing the brass plugs (cathodes) 
because of the snug fit, as shown in Figure 
3. To reduce the radiation exposure to a 
minimum while doing this, a small vise was 
devised, consisting of a split lead block with 
the two pieces grooved to hold the tubes. 
The larger of the two pieces is toward the 
handle used to clamp them together. The 
pedestal was added onlv recentlv to serve 
as a fulcrum when withdrawing the cathode 
plugs from the polyethylene tubes. It was 
found to appreciably reduce handling time 
and hand exposure by facilitating cathode 
removal. Repeated checks with quartz 
fiber dosimeters and wrist film badges have 
shown the hand dose to be well below the 
maximum permissible dose given as a guide 
by N.C.R.P. when the lead block vise and 
lead bricks are used around the block con- 
taining the polyethylene tubes, with no 
more than two surveys per week. 

Though much shorter collection times 
are satisfactory, as mentioned above, it has 
been our practice to leave the radium 
sources sealed in the tubes for at least 4 
hours to reduce the chance of missing a 
source with only a slight leak. The collect- 
ing surface of each cathode plug is checked 
for presence of radioactivitv with either a 
Gas Flow Alpha Meter or a Samson Alpha 
Meter. The Samson meter is preferable be- 
cause it "sees" B particles also, and permits 
a lower threshold of detection when sources 
leaking only slightly are encountered. 
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LEAK TEST RESULTS 


Data from radiological safety survevs in 
24 hospitals and 3 doctors’ private offices 
showed 37 sources (radium capsules, cells 
and needles), out of a total of 664 leak 
tested, to be leaking radon gas. In at least 2 
instances, one or more of the radium cap- 
sules were permitting escape of the parent 
radium. The total quantity of radium con- 
tained เท the 664 sources was 4,318 mc. 

Almost without exception, at least some 
of the applicators, all of the storage con- 
tainers and much of the handling equip- 
ment were found to be contaminated where 
leaking capsules or needles were detected. 
In § of the hospitals surveyed, the area in 
which the radium was stored was contami- 
nated. In general, the area of contamina- 
tion has been found around the “L” block, 
but in one case it was spread over 300 
square feet of floor surface. It is the usual 
thing to tind responsible hospital personnel 
unaware of the defective radium sources. It 
is hoped that this will improve as more and 
more hospitals obtain portable radiation 
survey instruments that are suitable for 
use in checking for presence of unwanted 
radioactivity In carrying containers, ap- 
plicators, vises and similar handling equip- 
ment. Efforts at decontaminating such 
equipment as carrying containers, appli- 
cators, and handling forceps that were 
brought back to the laboratory for experi- 
mentation have shown that in the usual 
case 1t less expensive to discard this ma- 
terial as radioactive waste and buy new 
replacements. 

When leak testing of hospital radium was 
first made a part of our radiological safety 
surveys several years ago, some inventories 
of radium were found to be in extremely 
poor condition. For example, one survey 
showed 6 out of 8 capsules possessed by the 
hospital (100 mc of radium) to be leaking. 
These capsules were 23 vears old and had 
never been leak tested before. In another 
hospital, 7 out of 29 radium sources were 
found to be leaking. The exact age of these 
29 needles and capsules could not be deter- 
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mined, but it was about 8 vears. Fortu- 
nately, the situation has improved rapidly 
in the past 5 vears in the institutions with 
which we are familiar. 
hospital owned, or rented, radium tubes 
and cells have been leak tested recentlv, 
with no “‘leakers” found. 

On several occasions leaking radium cells 
and needles have been brought into our 
laboratorv, after detection in routine sur- 
veys, to see 11 the cause of leakage could be 
ascertained. Usuallv, no defects could be 
seen with the naked eye. However, the 
cause of failure of the encapsulation was 
visible with the aid of ล microscope in 2 
cases. One leaking cell, originally. contain- 
ing 1.33 mg. of Ra, had two “pits” in the 
end olus: possibly caused by corrosion or 
escape of gas at the time of sealing when too 
much heat was used. This cell was leaking 
radon freely; evidently the "pits" pene- 
trated into the interior chamber. Figure 4 
is a photomicrograph of a 5$ mg. radium 
needle with a loose plug. The hazard in- 
volved in handling a needle in this condi- 
tion is obvious. If the plug dropped out 
during handling, widespread contamina- 
tion could easily result. This needle was 
leaking radon freely. 
any, gas pressure within the interior cham- 
ber existed to force the plug out. 


FREQUENCY OF LEAK TESTING 


It has been our practice for a number of 


vears to recommend annual leak testing of 
all sealed radium sources. Perhaps more 
frequent leak testing would be desirable 
but consideration must be given to the 
radiation. dose received in handling the 
pieces, especially when a large percentage 
of the supply is loaded in Hevman appli- 
cators that are badlv corroded and the 
screw caps are difficult to remove. If suffi- 
cient manpower Is available so as to spread 
the exposure among them, leak testing 
every 6 months probably should be done on 
frequently used radium. One large hospital 
has its entire radium inventory (over 
490 mg.) leak tested every 6 months. The 
task is assigned to either a resident radiolo- 
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Fic. 4. Photomicrograph of leaking § mg. radium 
needle with loose plug. Note separation of plug 
from body of needle at upper right. 


gist or medical physicist and it is considered 
a part of his training. 

The 6 months’ schedule for leak testing 
mentioned above is in marked contrast to 
the situation usually found, where no 
schedule at all exists for routine radium 
leak testing. For example, 4 hospitals sur- 
veyed in recent months possessed a com- 
bined total of over 1,000 mg. of radium, 
divided into about 200 individual cells, 
needles and tubes. None of the radium was 
leak tested on a routine basis. It is of some 
interest that 3 out of the 4 hospitals had 
leaking tubes or cells in their radium inven- 
tory. Two leaking cells were found in one of 
the hospitals that had sent all its radium 
back to the company from which it was 
purchased, for leak testing and re-calibra- 
tion within the vear. 


PERIODIC RE-ENCAPSULATION 

Itis not our purpose to treat in detail the 
problem of gas pressure in sealed radium 
containers. Nevertheless, our experience 
indicates that no opportunity should be 
overlooked to impress upon the minds of all 
users of sealed radium containers the neces- 
sitv for relieving the built up gas pressure, 
periodically. J. E. Morgan? has recently 
published an excellent discussion of the 
hazard of explosive rupture caused by in- 
evitable accumulations of helium. His cal- 
culations showed that a pressure build-up 
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of helium of 1.09 atmospheres per year will 
occur in typical medical radium needles, 
cells and tubes. His conclusion regarding 
frequency of re-encapsulation was not 
specific; periodic re-encapsulation at inter- 
vals of a few years was recommended. An 
arbitrarily selected interval of 10 years has 
been recommended by us since the start of 
our leak testing. This is considered a con- 
servative time limit for re-encapsulation in 
sealed radium sources made of Pt-Ir alloy. 


SUMMARY 


Sealed radium sources are used, pre- 
dominantly, for medical purposes in this 
country. Expensive spills of the radium salt 
are on record. Careful handling, periodic 
examination, testing for radon leakage and 
re-encapsulation should be provided for all 
sealed radium sources. Aside from the po- 
tentially severe health hazard, careful 
attention to maintenance of the hermetic 
seal of radium sources is important for 2 
reasons: (1) a spill of the finely divided 
radium salt can be highly expensive to 
clean up and (2) the source does not deliver 
the gamma dose expected of it unless the 
radon daughters are in equilibrium with the 
parent radium. 

A new, more sensitive, electrostatic 
precipitation method of leak testing sealed 
radium sources has been developed and 
field tested for several years. This method 
is far more sensitive than earlier methods 
and a time-saver during field surveys. 

Radiological safety surveys in 24 hos- 
pitals and 3 doctors’ offices revealed 37 
leaking radium sources out of a total of 664 
leak tested (total of 4,318 mc). Leaking 
sources contaminate storage safes, hand- 
ling equipment and applicators. 
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It is the conclusion of the authors that 
sealed radium sources should be tested for 
radon leakage annually. We also feel that 
such sources should be routinely re-encap- 
sulated every 10 vears to relieve the inter- 
nal gas pressure caused by inevitable ac- 
cumulation of helium when a particles 
capture electrons and become helium 
atoms. 


R. G. McAllister 

Liberty Mutual Research Center 
Frankland Road 

Hopkinton, Massachusetts 
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SIMPLE TEST FOR LEAKING RADIUM SOURCES* 


By JOHN E. ROSE, D.Sc. 


ARGONNE, ILLINOIS 


N EXTREMELY’ sensitive, reliable 
and inexpensive test that even the 
inexperienced may use with confidence has 
been available for over 30 years which mav 
be of help to institutions and radiologists 
faced with the task of routinelv testing 
their sealed radium sources. The procedure 
requires little manipulation, can be done 
quickly with simple forceps and with 
negligible exposure to the operator. 

The tube, plaque, needle, etc., is placed 
in the bottom of a clean test tube or screw- 
top glass bottle, being careful not to con- 
taminate the sides or top in case the prepa- 
ration is broken and leaking salt. A con- 
tainer which will comfortably accept the 
preparation and at the same time accom- 
modate a loosely packed ball or wad of 
ordinary surgical cotton with a volume of 2 
or 3 cubic inches is chosen. The cotton is 
suspended or packed in such a wav as to 
ensure that it does not actuallv come in 
contact with the source. The container is 
closed overnight with a stopper or screw- 
top lid; no special seal or gasket is required. 

The next morning, or at some convenient 
time about 16 or more hours later (little is 
to be gained beyond 2 davs), the cotton is 
removed and held next to the 30 mg./cm.? 
window of a portable Geiger-Müller survey 
meter. With earphones, any increase over 
background indicates a leak of the order of 


107? curies. About 107? curies will kick the 
meter off scale vielding thousands of counts 
per minute, more or less. If the radiologist 
or the institution does not own a portable 
Geiger-Müller counter, one might be bor- 
rowed from the local Civil Defense Office or 
a consulting physicist. 

In explanation, the object of the cotton 
is to Introduce into the test container the 
largest possible surface without contamina- 
tion upon which most of the active deposit 
from the decaying radon collects. In re- 
moving the cotton one transports the active 
deposit (Ra B and C with a half-life of 
about 27 minutes) and its energetic betas 
to the Geiger-Müller tube. If the cotton 
occupies most of the volume of the con- 
tainer, the sensitivity 1s at its highest. 

For grossly leaking preparations one 
needs onlv to place cotton in the same 
drawer with the suspect preparation in the 
radium safe overnight or in some cases for 
a few minutes. 

The inexperienced may practice on his 
own radium dial wrist watch (after loosen- 
ing the face) since most dials yield 0.1 uc or 
more radioactivity. 


Radiological Physics Division 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 


* Work done under the auspices of the U. S, Atomic Energy Commission. 
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THE DESIGN AND CONSTRUCTION OF A NEW 
IYPE ISOTOPE SIORAGE AREA* 


By CHARLES A. HALL, M.D., and BOOKER T. MOORE, M.A. 


ALBANY, NEW YORK 


HE varied functions of the laboratorv 

at the Veterans Administration Hos- 
pital in Albany, New York, made it neces- 
sary to store compounds labeled with Co**, 
Fe®, ps. Ci. Co’, pe S dd and H. 
Moreover, there were often several different 
compounds labeled with any one radioiso- 
tope. Because there were so manv con- 
tainers, it became difficult to locate each 
material in the usual lead castle tvpe stor- 
age area. The face and hands of the person 
taking the material from storage were ex- 
posed to radiation from almost all of the 
stored material during his search for what 
he wanted. Consequently, a storage area 
which would permit readv location of 
specific compounds with minimal exposure 
was designed and built. 


DESCRIPTION 

A 7X4Xo0.7 foot brick wall was con- 
structed near a corner of a room to make a 
4X4X7 foot area available for isotope 
storage. The area was designed to include 
shielded gamma storage, refrigeration stor- 
age of dilute radioactive solutions, storage 
of low energv beta emitters, and a small 
area to be used for the decay of some iso- 
tope wastes. 

Beta Storage. The upper 4 feet of the 
brick wall contains built-in shelves where 
pure soft beta emitters are schematically 
placed for storage (Fig. 1). The lower 3 
feet of the wall has an additional layer of 
bricks for support and to provide an addi- 
tional laver of shielding. 

Gamma Storage. Figure 2 shows the stor- 
age box for the gamma emitters with the 
top off and the door open. Since the box 
was placed in an outside corner, the back 
sides are 1 inch thick with 3 inch walls 
facing the interior of the room. 





Fic. 1. Complete storage area. 


A “Lazy-Susan” type series of circular 
rotating shelves was placed within the iron 
shielding. It is an ordinary carpenter’s bin 
commonly used for holding nails of various 
sizes. Each circular shelf is divided into 
compartments (Fig. 2). The distance be- 
tween shelves may be varied to accommo- 
date source containers of different sizes. 
Each shelf can be individually rotated 
360°. The position of each substance is 
noted on a placement scheme, enabling a 
user to obtain a labeled compound within a 
minimal length of time by rotating the 
individual shelf to the required position. 
Shelves are usually kept in such a position 
that the compartment in front of the door 
is empty. The shelves are strong enough to 


* From the Radioisotope Service, Veterans Administration Hospital, Albany, New York. 
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Fic. 2. Iron storage box with ““Lazy-Susan”’ shelves. 
The top has been removed and the door is open. 


permit shielding of individual containers if 
needed. 

Refrigerated Storage. A small refrigerator 
which is used for dilute radioactive solu- 
tions was placed on top of the iron box at a 
convenient height (Fig. 1). Shielding was 
provided by the walls of the refrigerator, 
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the brick wall, and when necessary, lead 
shields around containers within the re- 
frigerator. 

Radiation Testing. Readings in mr/hr., 
taken at the open door of the iron box and 
compared with readings of our former lead 
castle type of isotope storage, show that 
the iron box type of storage decreases 
radiation to the isotope procurer by a factor 
of 50. 


DISCUSSION 


The design of the area and the iron box 
fit our particular needs, but many varia- 
tions are possible. The brick wall could be 
extended in front of the iron box and locks 
could be put on the box or the whole area. 
A tall box such as ours contains a concen- 
trated load on the floor; therefore the floor 
support should be checked before planning 
a similar box. The box was constructed in 
the hospital shop from easily available ma- 
terials. The iron door could be cut into 
upper and lower halves, further reducing 
exposure when removing radioactive sub- 
stances. 


SUMMARY 


A new type of storage area is described. 
The important features are economy of 
space and unique ease of accessibility to the 
source with minimal exposure. 


Charles A. Hall, M.D. 
Veterans Administration Hospital 


Albany, New York 


The aid of the Engineering Department and 
especially Mr. Robert Brock is gratefully 
acknowledged. 
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COLOR TELEVISION CONTRAST EXPANSION OF 
PHOTOSCANS* 


By N. DAVID CHARKES, M.D., and J. GERSHON-COHEN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


JA BBEBETAHON of the isotopic 

photoscan depends upon evaluation of 
adjacent areas of varying degrees of gray- 
ness on a photographic film. Over certain 
organs such as the brain, the increment in 
count rate over a tumor may be no greater 
than 10-2; per cent above surrounding 
normal tissue. Similarly, a small, deep 
metastatic tumor in the liver may cause an 
imperceptible decrease in count rate over 
that organ. In addition to counts from ad- 
jacent isotope-laden tissue, gamma radia- 
tion emanating from room and body back- 
ground provides further noise which buries 
the signal put out by the tumor. Methods 
of increasing the target-to-nontarget ratio 
of tumor-bearing tissue are therefore of 
paramount importance in photoscanning. 
Although this problem is most acute in 
diagnosis of brain tumors, it is also found to 
some extent in photoscanning of liver, 
kidney, bone and other organs. 

Attempts have been made to solve this 
problem in commercial scanning devices in 
part by the introduction of a variable back- 
ground cut-off circuit and contrast en- 
hancement of the remaining signal.’ Be- 
cause of the relatively low tumor: non- 
tumor ratio and statistical variation of the 
random counts, it 1s not always easy to set 
a precise cut-off level which would eliminate 
background counts but not affect counts 
from a tumor only slightly more radioactive 
than surrounding tissue. Under these cir- 
cumstances it 1s safer to employ a low back- 
ground cut-off and to treat the data so 
obtained by other means. 

Bender and Blau, who have described 
the use of builtin background cut-off 
circuitry and contrast enhancement within 
the photoscanner itself, have also called 
attention. to the value of closed-circuit 


television data presentation.? The televi- 
sion method appears valuable since it per- 
mits evaluation of low-contrast data with- 
out discarding useful information. 

In addition to background cut-off and 
contrast enhancement techniques, the use 
of color appears to exaggerate small differ- 
ences on dotscans which would otherwise 
pass unnoticed. By means of an ingenious 
multicolor-printer, Mallard and co- 
workers?!?!! demonstrated clearly that 
variations in count rate on the colorscan 
could be much more readily appreciated 
than on a similar black-and-white print. 
Previous studies in this department have 
shown that the addition of color to a 
closed-circuit television system containing 
a variable cut-off window with contrast 
enhancement improves the ability of the 
eye to discern significant variations in ad- 
jacent images on roentgenograms.?-? The 
results of the present investigation confirm 
the value of these techniques in evaluation 
of the isotopic photoscan. 


METHOD 


The details of the system have been de- 
scribed elsewhere* but may be summarized 
as follows: The apparatus consists of a 
closed-circuit television system in which 
the photoscan is scanned by means of a 
flying-spot cathode ray tube and the image 
is displayed upon a color monitor. The 
scanning speed is such that a rectangle of 
light 3X4 inches, having 525 lines, is 
formed 30 times a second on the face of the 
flying spot cathode ray tube. This rapidly 
moving spot of light is projected by means 
of a lens onto a 6X8 inch area of the photo- 
scan film. The amount of light collected bv 
a photomultiplier tube at progressive in- 
stants through each elemental area is in- 


* From the Department of Radiology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsylvania. 
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verselv proportional to the diffuse optical 
densitv of each area. By clipping steps of 
luminance bevond the area under analvsis 
and expanding the remaining narrowed 
portion of the brightness band to the full 
original dynamic range of contrast, areas 2 
per cent or less in contrast difference can be 
made perceptible. The horizontal resolu- 
tion of the system is approximately twice 
as great as that of commercial television, 
not being limited to a 4 megacycle channel. 
Moreover, the signal-to-noise ratio is much 
higher. Color translation is obtained by 
means of an electronic color converter and 
color monitor.* 
RESULTS 

Figure t is a photoscan of a liver contain- 
ing metastatic carcinoma as seen on the 
viewbox bv the closed-circuit television 
camera. Fiftv per cent of counts reaching 
the cathode rav tube of the scanner have 
been discarded by the background cut-off 
circuit, and the remaining pulses have been 
enhanced from minimum to maximum con- 
trast densitv. Figure 2 shows the effect of 
further background cut-off and contrast 
enhancement by the closed-circuit televi- 
sion system displaved monochromatically. 





ไ “16. 1. Photoscan of liver as viewed by closed-circuit 
television camera. Arrow points to area of metas- 
tasis. 


* Exicon, developed and manufactured by the Government 
and Industrial Division, Philco Corporation, Philadelphia, 
Pennsylvania. 
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Fic. 2. Same as Figure I with television contrast 
enhancement. Background counts have been sup- 
pressed. Metastases are clearlv visible. 


Areas of infiltration by tumor are readilv 
apparent. In Figure 3 the television proc- 
essing is unchanged except that instead of 
representation on a white-gray-black scale, 
the data have been displaved 1 ท varving 
shades of red, green, and blue. Areas of 
tumor infiltration are now visualized. as 
blue or green "holes" in the red framework. 
The use of color appears to accentuate the 
contrast between normal and abnormal 
liver tissue. For Figure 3 please turn page. 

Figure 4 shows the photoscan of the right 
kidnev of a patient with agenesis of the left 
kidney. By means of closed-circuit televi- 
sion with contrast enhancement, a defect is 





Fic. 4. Photoscan of right kidney as viewed bv 
closed-circuit television. camera. Arrow points 
toward displaced renal pelvis, hardly visible on 
scan. 








Vic. 3. (Top) Same as Figure 2 with color display. 
Infiltration of parenchyma is easily visible because 
of juxtaposition of contrasting colors. 


Fic. 6. (Below) Same as Figure 5 with color display. 
Contrast is marked. 


apparent in the superior pole (Fig. 5). 
Retrograde urography revealed this to be 
the renal pelvis, which was displaced supe- 
riorly. With color display, further contrast 
is added (Fig. 6). 

We have evaluated photoscans* of the 
thyroid, brain, liver, kidney, spleen, bone, 
and cardiac blood pool by means of color 
television with contrast enhancement. The 
technique appears to be of definite value in 
analysis of certain. low signal-to-noise 


* Photoscans were obtained with the Picker Magnascanner, 
Picker X-Ray Corporation, White Plains, New York. 


N. David Charkes and 


J. Gershon-Cohen AUGUST, 1963 





Fic. 5. Same as Figure 4 with background cut-off and 
centrast enhancement. Renal pelvis is now visible, 
ccnfirrned by retrograde pyelography. 


scintigrams, as is frequently the case in 
scanning liver, brain, and bone. 


DISCUSSION 


Over a wide range of brightnesses, the 
threshold of contrast perception of the hu- 
man eve is about 2 per cent. Contrast be- 
tween adjacent areas on a roentgenogram 
can be enhanced by clipping unwanted 
signals and expanding the remaining pulses 
over the full dynamic range. The value of 
this approach in conventional radiography 
has been demonstrated.-? In addition, 
apposition of different colors will also 
amplify variations in count rate intensity, 
both on dotscans and photoscans." ^^ 

Our color monitor receives shades of 
blue, green, and red, and we have found 
this to be a convenient method of data 
aralvsis. The eve is readily aided in select- 
ing areas of contrast by this means. Use of 
cclor represents therefore an advance over 
previous methods of data analysis by tele- 
vision techniques.) Application of color 
television with contrast enhancement al- 
lows the physician to obtain low-contrast 
scans without discarding useful informa- 
tion. 


SUMMARY 


The application of closed-circuit color 
television with contrast enhancement in 
evaluation of the isotopic photoscan is de- 
scribed. This method allows presentation 
of low visual contrast data not previously 
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obtainable. It has been of particular value 
in photoscanning of liver, brain, and bone, 
but can be used to advantage in any scan 
where small differences in contrast are to be 
resolved, 


J. Gershon-Cohen, M.D. 
X-Ray Department 

Albert Einstein Medical Center 
Northern Division 

Philadelphia 41, Pennsylvania 


We wish to thank Messrs. J. F. Fisher and 
Anthony Zuniga of the Philco Corporation for 
their expert technical assistance. 
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INSTRUCTION COURSES OF THE SIXTY-FOURTH 
ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


RESIDENT-ELECT Ralph Caulk has 

requested that the Instruction Courses, 
which were originated in 1939 during the 
term of Dr. Edward Jenkinson, as Presi- 
dent, be continued in connection with the 
Sixtv-fourth Annual Meeting of the Amer- 
ican Roentgen Ray Society to be held in 
Montreal, , Quel ec, Canada, October 8 to 
October 1%; 1963. The importance of these 
courses, because of their great educational 
value, was recognized by every succeed- 
ing President, and they have now become 
an indispensable part in the programming 
of the meeting. 

By following the tradition established 
by the first Director of the Instruction 
Courses, Dr. B. R. Kirklin, and faithfully 
continued by his successor, Dr. Harry 
Webber, this year’s courses will likewise be 
conducted in a rather informal manner, in 
relatively smaller groups. The Queen Eliza- 


beth Hotel provided for this purpose four- 


teen rooms, which with the exception of 
three are on the spacious and extremely 
modern Convention Floor, where the Sci- 
entific Sessions are held and all the Scien- 
tific and Technical Exhibits are located. 
Each course is of go minutes' duration, and 
they will be given from 3:00 P.M. to 4:30 
P.M., Tuesday, Wednesday and Thursday, 
October 3 8,9, and 10, and from 1:30 P.M. to 
3:00 P.M., Friday, October 11 by a dis- 
tinguished Faculty of 58 members. 


The detailed schedule of the courses, in- 


cluding brief abstracts of each course, the 
faculty list, and registration blanks appear 
in the Section on Instruction on the follow- 
ing pages of this issue of the JOURNAL, and 
will also be printed in the Program Booklet 
of the Meeting. It is highly desirable to 
register in advance, as early as possible, 
and to indicate first, second, and third 
choices for each dav since the number ad- 
mitted to the individual courses is limited. 
The procedure for this advance registration 
is given in the Section อ ท Instruction. 
There will also be a special registration 
desk at the meeting for registration to 
those courses not alreadv filled and for 
general information. This desk will be 
staffed from 3:00 P.M. to §:00 P.M. Mon- 
day, October 7, and from 8:30 A.M. to 4:30 
P.M., Tuesday through F TE October 8 
to TI: 

The usual division between Diagnostic 
Roentgenology and Therapeutic Radiology 
will be maintained. There will also be 
courses on Nuclear Medicine, Physics, and 
Radiobiology, and one course on Adjunc- 
tive Chemotherapy, as well as a number of 
new courses in both divisions, stressing the 
remarkable advances in radiology during 
the last few years. The great variety of sub- 
jects chosen by the Faculty members 
should prove stimulating and most instruc- 
tive. 

Hangorp O. Pererson, M.D. 


Director, Section on Instruction 
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AMERICAN ROENTGEN RAY SOCIETY 
SECTION ON INSTRUCTION 


Hanorp O, Pererson, M.D., Director 
Donn G. Mossrr, M.D., Associate Director 


Titles and Abstracts of Courses Offered 
Sixtv-Fourth Annual Mesting 
- cy 


Queen Elizabeth Hotel, Montreal, Quebec, Canada 
October 8 to October 11, 1963 


Tug Insrrucrion Courses for the Sixty- 
fourth Annual Meeting of the American 
Roentgen Ray Society will be held on 
Tuesday, Wednesday and Thursday after- 
noons, October 8, g and 10 at 3:00 P.M. and 
Friday afternoon, October 11, at 1:30 P.M. 
Each course period will be of go minutes' 
duration and no other official activity will 
be scheduled for this time. 

A special registration desk for these 
courses will be set up near the general 
registration area. Complete information 
concerning the courses as well as tickets for 
those courses still available can be ob. 
tained Mondav afternoon, October 7, from 
3:00 P.M. to §:00 F.M. and daily, Tuesday 
A.M. tO 4:30 P.M. 

Fourteen courses will be given each day 
during the four davs of the meeting. A 
brief abstract for each course will be found 
on the following pages as well as a com- 
plete list of the facultv and the registration 
forms. 

Admission. to all courses will be bv 
ticket. To avoid the confusion usually 
present on the first day of the meeting, 
tickets will be mailed to all those whose 
registration forms (Pink Sheets) reach the 
office of the Director before September 23, 
1963. The envelope containing the tickets 
will be labelled in a conspicuous manner. 
Please be on the lookout for your tickets 
and remember to bring them to the meet- 
ing. Tickets will be issued in the order that 
the requests are received but the first mail- 
ing will be shortly after September 6. 


How to Regisier and Obtain Tickets 


After reviewing the abstracts of the 


available courses on the following pages, fill 
out the pink order sheet. Please make three 
choices for each day and include the 
course number and name of Instructor for 
each choice. A $2.00 registration fee is re- 
quired from zozmembers tor each course 
attended. Since it is possible to attend only 
one course a day for four days, the maxi- 
mum fee is $8.00. Members of the Amer- 
ican Reentgen Ray Society and graduate 
students or residents in Radiology are not 
required to pay for these courses but must 
fll out the pink order sheet indicating 
their choices. 

Prior to September 23 please mail these 
order sheets to Dr. Harold O. Peterson, 
i995 West Country Road “B,” St. Paul 13, 
Minnesota. After September 23 mail should 
be sent to Dr. Harold O. Peterson, Director 
of Instruction Courses, American Roentgen 
Ray Society, Queen Elizabeth Hotel, Mon- 
treal, Quebec, Canada. 


THE FACULTY 


1. William E. C. Alle, M.B., Senior Radiotherapist, 
The Ontario Cancer Institute, Toronto, Ontario, 
Canada 


ง 


. Kurt Amplatz, M.D., Assistant Professor of 
Radiology, University of Minnesota Medica! 
School, Minneapolis, Minnesota 


3. Arnold L. Bachman, M.D., Assistant Professor 
of Radiclogy, Columbia University, New York, 
New York 


4. Robert G. Baker, Ph.D., Physicist, The Princess 
Margaret Hospital, Toronto, Ontario, Canada 


. Robert P. Barden, M.D., Department of Radi- 
ology, Chestnut Hill Hospital; Associate Profes- 
sor, Graduate School of Medicine, University of 
Pennsylania, Philadelphia, Pennsylvania 


aun 


6. Peter Bird, Ph.D., Chief, Radiation Protection 
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10. 


bL 


14. 


15. 


16. 


18. 


19. 


Division, Department of National Health and 
Welfare, Ottawa, Ontario, Canada 


7. Jean L. Bouchard, M.D., F. A.C.R., Associate 


Professor of Radiology, McGill University; 
Radiologist-in-Charge of Radiation Therapy, 
Royal Victoria Hospital, Montreal, Quebec, 
Canada 


. W. Robert Bruce, M.D., Ph.D., Physicist, The 


Ontario Cancer Institute, Toronto, Ontario, 


Canada 


. Ronald C. Burr, M.D., Director of The Ontario 


Cancer Foundation, Kingston Clinic, Kingston 
General Hospital, Kingston, Ontario, Canada 


Vincent P. Collins, M.D., Department of Radi- 
ology, Baylor University, College of Medicine, 
Texas Medical Center, Houston, Texas 


John R. Cunningham, Ph.D., Physics Division, 
The Ontario Cancer Institute, Toronto, Ontario, 
Canada 


. Gerald D. Dodd, M.D., Clinical Professor of 


Radiology, Assistant Radiologist, Jefferson Med- 
ical College Hospital, Philadelphia, Pennsylvania 


. J. Scott Dunbar, M.D., Director, Department of 


Radiology, The Montreal Children's Hospital, 
Montreal, Quebec, Canada 


Robert L. Egan, M.D., Department of Radiol- 
ogy, Methodist Hospital, Indianapolis, Indiana 


Lewis E. Etter, M.D., Director, Department of 
Radiology, The Falk Clinic; Consultant, West- 
ern Psychiatric Institute and Clinic; Professor of 
Radiology, School of Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania 


Benjamin Felson, M.D., Professor and Director, 
Department of Radiology, University of Cincin- 
nati, Cincinnati, Ohio 


. Leo S. Figiel, M.D., Department of Radiology, 


The Grace Hospital, Detroit, Michigan 


Steven J. Figiel, M.D., Department of Radiol- 
ogy, The Grace Hospital, Detroit, Michigan 


Arthur K. Finkelstein, M.D., Professor and 
Chairman, Department of Radiology, The Grad- 
uate School of Medicine, University of Pennsvl- 
vania, Philadelphia, Pennsylvania 


. Harry W. Fischer, M.D., Associate Professor of 


Radiology, Department of Radiology, University 
Hospitals, State University of Iowa, Iowa City, 
Iowa 


Robert G. Fraser, M.D., Radiologist-in-Charge, 
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Diagnostic Division, Department of Radiology, 
Royal Victoria Hospital, Montreal, Quebec, 
Canada 


. William E. Gannon, M.D., Department of Radi- 


ology, College of Medicine, State University of 
New York, Brooklyn, New York 


John M. W. Gibson, M.D., Associate Director, 
British Columbia Cancer Institute; Clinical In. 
structor, Faculty of Medicine, University of 
British Columbia, Vancouver, British Columbia 


. Roy R. Greening, M.D., Professor of Radiology, 


Assistant Radiologist, Jefferson Medical College 
Hospital, Philadelphia, Pennsylvania 


Ian W. D. Henderson, M.D., Assistant Surgeon 
in Charge of Chemotherapy, Montreal General 
Hospital; Lecturer in Surgery, McGill University, 
Nlontreal, Quebec, Canada 


. John W. Hope, M.D., Director, Department of 


Radiology, The Children's Hospital of Philadel- 
phia; Professor of Clinical Radiology, University 
of Pennsylvania, Philadelphia, Pennsylvania 


Harold G. Jacobson, M.D., Head of the Division 
of Diagnostic Radiology, Montefiore Hospital; 
Professor of Clinical Radiology, New York Uni- 
versity College of Medicine; Senior Consultant 
in Radiology to the Veterans Hospital in the 
Bronx, New York, New York 


Richard G. Lester, M.D., Professor and Chair- 
man, Department of Radiology, Medical College 
of Virginia, Richmond, Virginia 


Emanuel J. Levin, M.D., Director of Radiology, 
Maimonides Hospital of Brooklyn; Professor of 
Radiology, State University of New York, 
Brooklyn, New York 


. J. T. Littleton, M.D., Guthrie Clinic, Ltd., 


Robert Packer Hospital, Sayre, Pennsylvania 





Lougheed, M.D., Director of Radio- 
therapy, Montreal General Hospital; Radio- 
therapist, Montreal Children’s Hospital; Lec- 
turer in Radiology, McGill University, Mon- 
treal, Quebec, Canada 


Peter Lynch, Ph.D., Temple University, Phila- 
delphia, Pennsylvania 


. Alexander S. Macmillan, Jr., M.D., Director, 


Department of Radiology, Massachusetts Eye 
and Ear Infirmary, Boston, Massachusetts 


. Richard H. Marshak, M.D., Associate Radiolo- 


gist, Mt. Sinai Hospital, New York, New York 


William Martel, M.D., Assistant Professor, De- 
partment of Radiology, University Hospital, The 
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42. 


43. 


44. 


49. 


University of Michigan, Medical Center, Ann 
Arbor, Michigan 


. Donald L. McRae, M.D., Department of Neuro- 


radiology, Montreal Neurological Institute, 
McGill University, Montreal, Quebec, Canada 


. Wiliam T. Meszaros, M.D., Director of Radi- 


ology, Illinois Masonic Hospital; Attending 
Radiologist, Cook County Hospital; Assistant 
Professor of Radiology, Northwestern University 
Medical School, Chicago, Illinois 


. Jarrell E. Miller, M.D., Director, Department 


of Radiology, Baylor University Medical Center, 
Dallas, Texas 


. Russell H. Morgan, M.D., Radiologist-in-Chief, 


The Johns Hopkins Hospital, Baltimore, Mary- 
land 
Walter T. Murphy, M.D., Director of Thera- 


peutic Radiology, Roswell Park Memorial Insti- 
tute, Buffalo, New York 


Sidney W. Nelson, M.D., Professor and Chair- 
man, Department of Radiology, The Ohio 5tate 
University Medical School, Columbus, Ohio 


Charles M. Nice, Jr., M.D., Professor and Chair- 


man, Department of Radiology, Tulane Uni. 


versity School of Medicine, New Orleans, Louisi- 
ana 


G. F. Pennal, M.D., F.R.C.S. (C)., St. Joseph's 
Hospital, Toronto, Ontario, Canada 


M. Vera Peters, M.D., Senior Radiotherapist, 
Ontario Cancer Institute; Assistant Professor of 
Radiology, University of Toronto Medical 
School, Toronto, Ontario, Canada 


. Paul A. Riemenschneider, M.D., Professor of 


Radiologv, State University of New York, Up. 
state Medical Center; Director, Department of 
Radiology, Syracuse Memorial Hospital, Syra- 
cuse, New York 


. Wallace M. Roy, M.D., Radiologist, St. Joseph's 


Hospital, Toronto, Ontario, Canada 


7. Philip Rubin, M.D., Chief and Professor, Divi- 


sion of Radiotherapy, Department of Radiology, 
University of Rochester, Strong Memorial Hos- 
pital, Rochester, New York 


. Richard Schatzki, M.D., Chief, Department of 


Radiology, Mount Auburn Hospital, Cam- 
bridge, Massachusetts; Clinical Associate in 
Radiology, Harvard Medical School, Boston, 
Massachusetts 


William H. Shehadi, M.D., Director, Depart- 
ment of Radiology, United Hospital, Port Ches- 
ter, New York 
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so. W. J. Simpson, M.D., Radiotherapist, Ontat 
Caneer Institute, Toronto, Ontario, Canada 


st, Edward B. Singleton, M.D., Director, Depa 
ment of Radiology, St. Luke’s and Texas Ch 
dren’s Hospitals, Houston, Texas 


2. Herbert M, Stauffer, M.D., Professor and Cha 
man, Department of Radiology, Temple Ui 
versity School of Medicine and Hospital, Phil 
delphia, Pennsylvania 


hag 


. G. ©. Sutherland, M.D., St. Joseph's Hospit 
Toronto, Ontario, Canada 


E. Dale Trout, D.Sc., Professor of Radiologie 
Physics, Oregon State University, Corvall 
Oregon 


ss, Sidney Wallace, M.D., Senior Resident in Ra 
ology, Jefferson Medical College Hospital, Phi 
delpma, Pennsylvania 


£6. Don C. Weir, M.D., Clinical Professor and A: 
ing Director of Radiology, St. Louis U 
versity School of Medicine, St. Louis, Missouri 


g7. Robert E. Wise, M.D., Department of Radi 
ogy, The Lahey Clinic; Chairman, Departme 
of Radiology, New England Baptist Hospit 
Boston, Massachusetts 


:8. Martin H. Wittenborg, M.D., Children’s Hi 
pital; Assistant Clinical. Professor, Harva 
Medical School, Boston, Massachusetts 
DESCRIPTION OF COURSES 

COURSE 101 

Tuesday 


RICHARD H. MARSHAK, M.D. 
New York, New York 


Stomach and Duodenum 


1. Roentgen findings in peptic ulcer of the stoma 
and duedenum including differential diagnosis | 
tween benign and malignant ulcers 

2. Gastritis including exudative 
(Menetrisre’s disease) 

3. Diflerential diagnosis in circular defects of 1 
stomach including submucosal tumors such 
myomas, aberrant pancreatic tissue, polyps, me 
static lesions, adenomyomas and lymphosarcom: 

4. Diseases of the duodenal bulb not due to « 
odenal ulcer 

5. Dvuodenitis? 


enteropat 
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COURSE 102 
Tuesday 


JOHN W. HOPE, M.D. 
Philadelphia, Pennsylvania 


Abdominal Mass Lesions in Infants and Children 


Nephroblastoma and neuroblastoma are the two 
most common abdominal mass lesions of infants and 
children. These two tumors, in their various mani- 
festations, will be discussed as well as the differential 
diagnosis of each. Time will also be devoted to the 
therapy of each lesion. Most of the course will deal 
with these two entities, but the other miscellaneous 
and often verv bizarre abdominal mass lesions of in- 
fants and children will likewise be considered. 


COURSE 103 
Tuesday 


RUSSELL H. MORGAN, M.D. 
Baltimore, Maryland 


Screen Intensification and Cineradiography 


This course will deal with the physics and technical 
problems associated with screen intensification and 
cineradiography. The discussion. will consider those 
aspects of x-ray image formation and perception 
which are important in the fields of screen intensified 
fluoroscopy and motion picture recording. Particular 
attention will be given to the practical problems asso- 
ciated with the use of various intensifier and cine- 
radiographic systems in clinical radiology. 


COURSE 104 
Tuesday 


WILLIAM T. MESZAROS, M.D. 
Chicago, Illinois 


Roentgen Cardiology of Adults 


The normal heart 

Cardiac mensuration 

Cardiac chamber enlargement 

Hypertensive heart disease 

Rheumatic heart disease 

Arteriosclerotic heart disease 

Luetic heart disease 

Cor pulmonale 

Miscellaneous disorders: a. thyroid heart dis- 
ease; b. anemia; c. hemachromatosis; d. Addi- 
son's disease; e. dissecting aneurysm; f. sclero- 
derma; g. carcinoid 

10. Diseases of the pericardium 

11. Congenital heart disease in adults 

12, The lungs in heart disease 
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COURSE 105 
Tuesday 


PAUL A. RIEMENSCHNEIDER, M.D. 
Syracuse, New York 


Stenosis, Occlusion and Degenerative 
Disease of the Cerebral Vessels 


A discussion will be given considering the indica- 
tions for cerebral angiography in cerebral vascular 
insufficiency, and the methods and hazards of such 
studies. Attention will be paid to the differentiation 
of real from spurious narrowings. Some time will be 
spent on the clinical and roentgenologic correlation 
of these abnormalities. 


So, 


COURSE 106 
Tuesday 


PHILIP RUBIN, M.D. 
Rochester, New York 


The Development of a Dynamic Classification 
of Bone Dysplasias 


There is a compelling logical order to the way nor- 
mal bones model. From a study of the development 
of normal bone growth and an analysis of the physio- 
logic processes, one may be able to provide the key 
to unlock the abnormal pathophysiology in dy plastic 
bone diseases. An attempt is made to set up criteria 
for true bone dysplasias, based on an understanding 
of experimental and clinical pathophysiology. It is 
hoped that one can develop, on this basis, a dynamic 
classification for this seemingly complicated group of 
diseases. The differential diagnostic points of differ- 
ent bone dysplasias will be emphasized. 


———————————— 


COURSE 107 
Tuesday 


RICHARD SCHATZKI, M.D. 
Cambridge, Massachusetts 


The Diagnosis of Peptic Ulcer 


Some of the problems concerning the diagnosis of 
peptic ulcer of the stomach, duodenum and in the 
xostoperative stomach will be discussed. 
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COURSE 108 
Tuesday 


KURT AMPLATZ, M.D. 
Minneapolis, Minnesota 


Percutaneous Arterial Catheterization Techniques 
and their Applications 


The presently used percutaneous catheterization 
technique at the University of Minnesota Hospitals 
will be discussed in detail and shown in motion 
pictures. 
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Different types of catheter materials, guide wires 
and injection equipment will be considered. The pro- 
cedure of selective catheterization of branches of the 
abdominal aorta and, specifically, selective renal ar- 
teriography will be demonstrated on a phantom. 
Slides of normal and abnormal renal arteriograms 
with pitfalls of interpretation will be shown. Catheter- 
ization techniques of the vertebral artery via femoral 
artery or subclavian artery will be illustrated, the 
subclavian artery catheterization technique being 
shown in motion pictures. Aortography and left 
ventriculography with its indications will be pre- 
sented. The technical details of selective coronary 
arteriography by percutaneous subclavian artery 
catheterization will be given. A motion picture on 
transthoracic percutaneous left ventricular catheteri- 
zation will be shown. 

Errors in technique and complications of these pro- 
cedures will be stressed. 


COURSE 109 
and 
COURSE 209 


Tuesday and Wednesday 


ALEXANDER S. MACMILLAN, JR., M.D. 
Boston, Massachusetts 


Sinuses and Mastoids 


Course 109, Sinuses. 
Course 209, Mastoids. 


Following a discussion of positioning, normal and 
some acceptable variations of the normal plus various 
pathologic states will be presented. As much infor- 
mation as possible will be presented in as short a time 
as possible. Following the presentation, there will be 
opportunity for questions. 
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COURSE 110 
Tuesday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


Benign Bone Tumors 


The roentgen characteristics of the more frequently 
encountered benign bone tumors (and related enti- 
ties) will be described and illustrated. These will in- 
clude: (1) nonosteogenic fibroma, (2) solitary osteo- 
cartilaginous exostosis, (3) hereditary multiple osteo- 
cartilaginous exostoses, (4) solitary enchondroma, 
(5) enchondromatosis (Ollier's disease), (6) aneurys- 
mal bone cyst, (7) giant cell tumor, (8) benign chon- 
droblastoma, and several other entities such as oste- 
old osteoma, unicameral bone cysts and pigmented 
villonodular synovitis which are not necessarily be- 
nign neoplasms but are frequently included under 
this category. 

In all instances the roentgen findings will be eval- 


American Roentgen Ray Society 


AUGUST, 1963 


uated against the background of a discussion of the 
underlying pathologic changes for an adequate under- 
standing of these roentgen abnormalities. 
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COURSE 111 
Tuesday 


HERBERT M. STAUFFER, M.D. 
Philadelphia, Pennsylvania 


PETER LYNCH, Ph.D. 
Philadelphia, Pennsylvania 


Stereoscopy, Dead or Alive? 


The optical, physiologic and psychologic bases of 
our visual perception of space will be reviewed. 

With this background, factors contributing to the 
rather limited use of stereoscopy in clinical radiology 
will be considered. Many years of experience with the 
routine use of stereoroentgenography in most exami- 
nations im a large department will be drawn on to 
evaluate clinical usefulness. 

Recent developments in stereoscopic fluoroscopy 

employing image intensifiers and television with 
polaroid or color displays will be described. 
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COURSE 121 
Tuesday 
JOHN M. W. GIBSON, M.D. 
Vancouver, British Columbia 


Clinical Management of Carcinoma of 
the Uterine Cervix 


The introduction will deal with the problem of ex- 
pressing dosage of treatment of carcinoma of the 
cervix in radiation units and will consider the Man- 
chester approach which resulted in the "Manchester 
System," In these remarks the question “Points A 
and B, where and why?" will be answered. 

lhe technical aspect of treatment with the 
Manchester system, the addition of external radia- 
tion, and the treatment of complications will be 
discussed. 
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COURSE 122 
Tuesday 


W. R. BRUCE, M.D., Ph.D. 
Toronto, Ontario 


Survival cf Normal and Malignant Mammalian 
Cells following Irradiation 


X- and -radiations reduce the number of cells in 
normal and malignant tissues that are capable of 
continuous multiplication. Several experimental 
methods are now available by which to determine 
the number of cells in a tissue that have this prolifera- 
tive capacity. The fraction of these cells that survives 
ล dose of radiation decreases with increasing absorbed 
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dose. The relation is usually drawn as a "survival 
curve," The form of this curve for normal and malig- 
nant cells of many origins is similar in general shape 
and will be illustrated and discussed in detail. 

The survival of cells following a given dose of radi- 
ation may be influenced in many ways. These in- 
clude: the fractionation of the dose, the oxygen ten- 
sion of the tissue at the time of exposure and the 
alteration in the DNA of the irradiated cells by the 
inclusion of pyrimidine analogues. The possible appli- 
cations of these radiobiologic data to the clinical treat- 
ment of malignant tumors will be considered. 
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COURSE 123 
Tuesday 


WALTER T. MURPHY, M.D. 
Buffalo, New York 


Radiation Therapy of Skin Cancer 


In this course clinical results of various techniques 
currently used at the Roswell Park Memorial Insti- 
tute for small and large lesions involving various 
anatomic sites, with and without invasion of carti- 
lage and bone, will be illustrated. The discussion will 
accent (1) the advantages of small increment frac- 
tionation as compared to the so-called “massive- 
dose" technique, (2) the proper selection of radiation 
quality (half value layer 0.06 mm. Al, 30 kv. peak 
up to half value layer o.9 mm. Cu, 200 kv. peak and 
radium molds) and the indications for combining dif- 
ferent radiation qualities, (3) the influence of the 
cancer site upon the selection of field size, (4) the care 
of the patient during and following irradiation, and 
(5) the factors influencing complications and sequelae. 
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COURSE 201 
Wednesday 


EMANUEL J. LEVIN, M.D. 
Brooklyn, New York 


Fundamental Aspects of Osseous Disease 


Osseous disease produces roentgenographically de- 
tectable changes not only in bone but also in carti- 
lage, soft tissues and in the periosteum. The qualita- 
tive and quantitative variations in these changes are 
the clues by which an accurate diagnosis can be 
made. 

It is the purpose of this course to describe and 
illustrate these changes under the following headings. 


I. Explanation and description of change in 
A. Soft tissue 
B. Periosteal reaction 
C. Cartilage 
D. Bone 
II. Tumors 
A. Benign 
B. Malignant 
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III. Infections 
A. Acute 
B. Chronic 


COURSE 202 
Wednesday 


DON C. WEIR, M.D. 
St. Louis, Missouri 


Roentgen Diagnosis of Injury of the 
Cervical Spine 


The ever increasing burden of traffic on the streets 
and highways is resulting in an increase in the fre- 
quency of cervical spine injuries, These injuries repre- 
sent acute medical emergencies and are also impor- 
tant in the realm of medico-legal litigation. 

The atlanto-axial segment of the cervical spine is 
unlike the remainder of the spine both anatomically 
and functionally. Variations in normal alignment, 
dislocations, "rotation. deformities,” and fractures 
wil be discussed. Reversal, or loss of the normal 
lordotic curve will be evaluated along with a dis- 
cussion of the so called “whip-lash,” the “darling” 
of the plaintiff's attorney and the "bane" of the de- 
fendant's attornev. 

The relative value of cervical diskograms and 
myelograms in injury will be presented. Luschka's 
joints will be discussed and clinical significance 
evaluated. 

Technical aspects of cervical spine examinations 
will be outlined and evaluation of conventional 
views, flexion and extension, oblique studies, lamin- 
agraphy and special pillar views will be considered. 
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COURSE 203 
Wednesday 


CHARLES M. NICE, JR., M.D. 
New Orleans, Louisiana 


Roentgen Examination of the Small Bowel: 
Factors Affecting Motility, Pattern 
and Diagnosis 


A series of over 200 normal individuals was studied 
to indicate how preparation of the patient, type of 
barium suspension and position of the patient affected 
the motility and pattern of the small bowel exami- 
nation. Three very important factors influencing the 
examination were found to be the amount of fecal 
material in the cecum, the volume of the opaque 
medium, and the position of the patient while the 
procedure was in progress. 

The use of saline, suspending agents, and the use of 
micronized forms of barium also will be discussed. 
Several cases to demonstrate the value of the small 
bowel examination when properly performed will be 
presented, 
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COURSE 204 
Wednesday 


ARNOLD L. BACHMAN, M.D. 
New York, New York 


Metastatic Bone Disease: Roentgenographic 
Visualization, Classification and Evaluation 


This course will cover: 


1. Introductory remarks: Frequency, channels of 
metastasis, distribution of lesions and primary sites 

2. Pathologv of bone metastases, with special 
reference to roentgenographic visualization. The re- 
sults of a special investigation correlating pathologic 
type with roentgenographic demonstrability will be 
presented 

3. Factors determining roentgenographic visuali- 
zation of metastases: pathologic type, size, loca- 
tion, associated phenomena 

4. Results of a study on the value of special roent- 
genographic techniques in demonstrating lesions 

g. Roentgen classification of metastases 

6. Correlation of roentgen appearance of meta- 
static lesions with site of origin of the neoplasm 

7. Differential diagnosis of metastatic and ท อ ท - 
metastatic bone lesions 
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COURSE 205 
Wednesday 


ROBERT E. WISE, M.D. 
Boston, Massachusetts 


Intravenous Cholangiography 


One decade has now passed since the advent of 
intravenous cholangiography. The procedure retains 
its position of importance in the diagnosis of diseases 
of the biliary tract. The data presented in the course 
have been gleaned from almost ten years’ experience 
with over 3,000 studies. The majority of these have 
been subjected to detailed statistical analysis, and 
the findings therefrom permit correlation of roent- 
genologic preoperative diagnoses and surgical 
findings. 

Roentgenographic technique and interpretation 
will be considered in detail with emphasis on the 
application of the "time-density retention” concept 
to the diagnosis of obstruction, Pitfalls have been 
analyzed and will be presented. Specific findings as- 
sociated with calculi, tumors, strictures, fibrosis of 
the sphincter of Oddi, pancreatitis, etc., have been 
analyzed for presentation. 

Principles of interpretation and technique will be 
demonstrated by means of a short movie film. 

The value of the procedure lies in the accuracy 
with which organic bihary tract disease can be con- 
firmed or exchided in the post cholecystectomy 
patient, relegating terms such as: “postcholecystec- 
tomy syndrome" and “biliary dyskinesia” to the 
past. Although the accurate diagnosis of a pathologic 
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state may lead to surgical relief, at least of equal 
value is the exclusion of unnecessary surgical explora- 
tion, 


COURSE 206 
and 
COURSE 306 


Wednesday and Thursday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Normal and Pathologic Roentgen Anatomy of the 
Skull, Paranasal Sinuses and Mastoids 


Course 206. Description of standard techniques 
and positions with Hlustrative slides for roentgen 
examination of the skull and paranasal sinuses. Com- 
parison of advantages of one projection over another 
with respect to visibility of particular structures. 
General considerations with reference to the cerebral 
and facial components of the cranium and various 
skull types. Analysis of individual bone components 
in producing the various lines and shadows seen in 
plain reentgenograms of the skull with examples of 
pathologic alteration of these normal structures. Ex- 
tension of the analysis to the study of the sphenoid, 
frontal, temporal, ethmoid, parietal and occipital 
bones im various projections. 

Course 306. Detailed roentgen anatomic analysis 
of the paranasal sinuses, middle ear, and mastoid 
processes with description of precision roentgeno- 
graphic techniques employed. Study of the roentgen 
features of the middle cranial fossa and their relation 
to the sphenoid sinus. Consideration of the orbits and 
optic foramina with special attention to the frontal, 
ethmoid and sphenoid bone components in various 
projections as well as the features contributed by the 
zygomatic bones. Examples of pathologic alteration 
of these normal structures will be given. In conclu- 
sion, the maxillofacial components of the cranium 
will be examined, including the lacrimal canals and 
soft tissue delineation. 


COURSE 207 
Wednesday 


J. E. MILLER, M.D. 
Dallas, Texas 


How Not to Practice Radiology 


The discovery of the roentgen ray is one of the 1 ๐ 
most important discoveries of all time insofar as 
human welfare is concerned. The scientific discoveries 
before 1895 did very little to improve patient care. 
Hippocrates was able to diagnose the diseases that 
the medern physician of 1895 could diagnose. 

Raciology owes much to its dedicated crusaders of 
the first three decades of this century. They advanced 
this art and science from the basement to the first 
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floor of the hospitals of this country. The radiologists 
of the 1940's and 1950's have raised Radiology to the 
status of a clinical service which has taken its proper 
place as a well respected specialized practice of 
medicine. The future of Radiology depends on those 
now practicing and those about to begin practice, 

An informal discussion of the “do’s” and “dont's” 
for the young physician about to embark in the prac- 
tice of Radiology will be held. It is hoped that any 
radiologist who attends may benefit from and con- 
tribute to the discussion. 

The negativism of the title is for the purpose of 
attracting attention. Many of the "dont's" of the 
practice of radiology will be stressed. 
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COURSE 208 
Wednesday 


EDWARD B. SINGLETON, M.D. 
Houston, Texas 


Pediatric Chest Abnormalities 


1. Technique 

2. The normal chest and variations of normal 

Abnormalities of the thoracic cage 

Newborn pulmonary complications: a. varia- 

tions of perinatal distress——hyalin membrane 

disease, aspiration. syndrome and pulmonary 

hemorrhage; b. pneumonias including aspira- 

tion secondary to pharyngeal incoordination 

and esophageal atresia 

s. Congenital anomalies: congenital lobar em- 
physema, congenital cystic malformation, dia- 
phragmatic abnormalities, pulmonary 
agenesis and hypoplasia 

6. Pulmonary abnormalities acquired in later in- 
fancy and childhood: a. types of pneumonia 
and their complications; b. acquired tracheo- 
esophageal fistula; c. foreign bodies; d. fibro- 
cystic disease; e. bronchiolitis 

7. Rare pulmonary conditions: pulmonary alveo- 
lar microlithiasis, neoplastic diseases, pulmo- 
nary fibrosis, hemosiderosis, cytomegalic inclu- 
sion disease 
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COURSE 210 
and 
COURSE 310 


Wednesday and Thursday 


SIDNEY W. NELSON, M.D. 
Columbus, Ohio 


Bronchography 


Course 210. The radiologist who can properly per- 
form and interpret bronchograms is in a position 
where he can make outstanding contributions to the 
diagnosis and understanding of many chest diseases. 
The proper therapy for any disease which affects the 
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bronchial tree is often dependent upon the accurate 
determination of the nature and extent of the bron- 
chial involvement. Inasmuch as the interpretation of 
bronchograms requires considerable knowledge of the 
normal anatomy of the tracheobronchial tree and 
some of the common anatomic variations, the per- 
tinent anatomy will be discussed and illustrated. 
À good knowledge of bronchial anatomy will enable 
the radiologist to systematically identify each of the 
major segmental bronchi, because of his knowledge 
of the expected distribution of each of these bronchi. 
The identification of each of the major segmental 
bronchi is extremely important in interpretation. 

Once the basic bronchographic anatomy has been 
considered, the details of the bronchographic tech- 
nique will be described. This will include the method 
of performing topical anesthesia, introduction of 
intranasal catheter, method of injecting contrast 
medium in order to assure systematic filling of the 
desired segmental bronchi, proper positioning of 
patient for filling of each segment, and the spot film- 
ing techniques employed to thoroughly record the 
hlling of the desired segmental bronchi. This portion 
of the discussion will also include a description of 
some of the characteristic features of various contrast 
materials. The advantages of fluoroscopically con- 
trolled spot filming in comparison with conventional 
large film techniques will be emphasized. Good 
bronchographic technique can be mastered with little 
effort and can be quickly performed by the radiolo- 
gist and his technical staff, thus precluding the 
necessity for resorting to the "team" approach which 
is often so time-consuming and frustrating in large 
busy hospitals. 

Course 310. During the second session the ma- 
jority of the different types of bronchopulmonary 
pathology will be discussed including the following: 
I. Chronic bronchitis: a. spasm; b. excessive secre- 
tions; c. 0 mucosal glands; d. destruction of 
mucosa. 2. Emphysema. 3 . Segmental bronchiectasis. 
4. Cystic lesions. g. Bonns carcinoma. 6. 
Pulmonary "coin" lesions. 7. Bronchial adenoma. 
8. Erosion of bronchi by adjacent calcified lymph 
nodes. 9. Inflammatory strictures. 10. Bronchial re- 
location following atelectasis of surgical removal. 

The value of bronchography in the differential 
diagnosis of many bronchopulmonary diseases will 
be emphasized throughout the course, as for instance, 
atelectasis due to bronchogenic carcinoma or other 
intrabronchial lesions. Segmental bronchiectasis 
with associated chronic pneumonic changes may 
mimic neoplasms on plain chest roentgenograms, 
but can be clearly identified by bronchographic 
methods. Chronic granulomas and other infections 
can frequently be identified by virtue of the bronchi- 
ectatic changes produced in adjacent bronchi, thus 
helping to differentiate these diseases from neoplastic 
processes. Certain. pulmonary diseases have very 
specific bronchographic appearances; e.g., bronchial 
adenomata, polycystic lung, etc. 
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It is hoped that this presentation will encourage 
radiologists to perform this extremely useful roent- 
genographic procedure more frequently in the future. 
In so doing, they will be able to make more signifi- 
cant contributions to the diagnosis and treatment of 
the patients referred to them for study by their col- 
leagues who are not radiologists, 


COURSE 211 
Wednesday 


WILLIAM E. GANNON, M.D. 
Brooklyn, New York 


The Localization of Intracranial Masses 
by Cerebral Angiography 


This course will consist of a method of analyzing a 
cerebral angiogram to localize a space-occupying 
lesion. It will be assumed that there is no tumor stain 
present. The various types of displacement of the 
anterior cerebral artery, the frontopolar sign and the 
falx sign will be demonstrated. The significance of 
elevation of the middle cerebral group will be dis- 
cussed. The value of the capillary and venous phases 
in the localization of mass lesions will be illustrated. 
Examples of the near and distant effects of a mass 
lesion will also be included. 


COURSE 221 
Wednesday 


JEAN L. BOUCHARD, M.D. 
Montreal, Quebec 


The Place of Radiation Therapy in 
Treatment of Brain Tumors 


Personal experience in the use of ionizing radiation 
in the management of neoplasms involving the cen- 
tral nervous system is based upon patients treated 
over a period of more than 20 years. 

An analysis of the results of irradiation, used in 
combination with surgery or alone, will be present- 
ed for each type of primary intracranial neo- 
plasm adequately irradiated. The quality or degree 
of useful functional survival will be stressed in rela- 
tion to the length of survival. Special reference will 
be made to our experience in children who have been 
irradiated for intracranial neoplasms, the ages rang- 
ing from 6 months to 15 years. A very brief reference 
will be made concerning the irradiation of selected 
cases of brain metastases, Pituitary tumors will not 
be included in this presentation. 

Discussion of the indications for treatment, tech- 
nique, reactions, radiation hazard and other aspects 
of the problem will be presented. 
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COURSE 222 
Wednesday 


R. C. BURR, M.D. 
Kingston, Ontario 


Carcinoma of the Lung 


This course is based on the experience in the treat- 
ment of this disease in the Cancer Clinics in the 
Province of Ontario over the past 25 years. Since 
1952, cobalt radiation therapy has been used in the 
Clinics of the Ontario Cancer Treatment and Re- 
search Foundation. Its value will be discussed. 

This course is a review of our present knowledge on 
mortality rates, pathology, clinical course and treat- 
ment of this disease with some experience in the use 
of analogue dosimetry. 
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COURSE 223 
Wednesday 


M. VERA PETERS, M.D. 
Toronto, Ontario 


The Place of Radiotherapy in the 
Management of Lymphomas 


The differences in the clinical manifestations and 
in the clinical course will be discussed with reference 
to Hodgkin's disease, lymphosarcoma, reticulum cell 
sarcoma and giant follicular lymphoma. A knowledge 
of these variations 1s helpful in the management ot 
the individual patient since it allows one to anticipate 
the expected course and prescribe accordingly. 

The curative approach will be stressed for the 
groups of patients offering a good prognosis and the 
plan of management will be presented for each stage 
of the disease in each morphologic group. 


COURSE 301 
Thursday 


RICHARD G. LESTER, M.D. 
Richmond, Virginia 


Selective Angiocardiography 


In this course, consideration will be given to the 
diagnostic applications of several methods of selec- 
tive angiocardiography, including right-sided cardio- 
angiography, left-sided cardioangiography, and se- 
lective thoracic aortography. 

Foilowing an analysis of the indications for these 
varicus types of selective angiocardiography, there 
will be a discussion ., procedural methods with spe- 
cial emphasis on roentgen techniques. 

The major portion of the session. will be devoted to 
step-by-step analysis of the details of the diagnostic 
interpretation of these examinations in a wide vari- 
ety of congenital cardiovascular diseases. A brief 
discussion of the role of selective angiocardiography 
in acquired heart disease will also be presented. Em- 
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phasis will be placed on the correlation of angio- 
cardiographic findings with the findings at surgery 
and necropsy. The importance of detailed analysis of 
fine changes will be stressed. The necessity of precise 
anatomic definition of the various lesions, their vari- 
ability in different patients and their significance 
from the point of view of surgical correction will be 
brought out. 

Registrants in the course are invited to bring prob- 
lem cases for discussion and analysis following the 
formal program. 


COURSE 302 
Thursday 


ROBERT L. EGAN, M.D. 
Indianapolis, Indiana 


Over Seven Years’ Experience 
with Mammography 


Over 7 years’ experience has been gained with soft 
tissue roentgenography of the breast in a tumor 
institute with an active breast service. These studies 
have proved a highly accurate and valuable adjunct 
to the clinical and pathologic evaluation of breast 
lesions. 

A simple and readily adaptable roentgenographic 


technique will be presented. Cases illustrative of 


typical benign and malignant disease will be shown 
and the diagnostic features of each described and 
tabulated. Differential diagnosis, sources of error, 
limitations of the procedure and the chnical and 
pathologic implications of the method will be dis- 
cussed. 

The results of a statistical analvsis of the first 
1,000 consecutive examinations (all with a follow-up 
from one to 7 vears) will be reviewed. The error in 
245 cases of malignant disease was 0.82 per cent. 


COURSE 303 
Thursday 


ROBERT P. BARDEN, M.D. 
Philadelphia, Pennsylvania 


The Relation of Normal and Abnormal Lung 
Function to Radiologic Diagnosis 


Anatomic catalogues of lung diseases are without 
challenge to the imaginative radiologist. To under- 
stand the dynamic features e£ pulmonary disease, 
one needs information about the marvelously com- 
plex function of the lung. Some knowledge of normal 
and abnormal physiology makes roentgenologic diag- 
nosis of lung conditions more interesting, intelligent 
and significant. 
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COURSE 304 
Thursday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


Malignant Bone Tumors-—Primary and Secondary 


In this course the roentgen characteristics of the 


important malignant bone tumors-both primary 
and secondary--will be Mlustrated. These will in- 


clude: (1) osteogenic sarcoma, (2) Ewing's sarcoma, 
(3) chondrosarcoma, (4) sarcoma with Paget's dis- 
ease, (5) chordoma, (6) synovioma, (7) myelomato- 
sis, (8) reticuium cell sarcoma, (9) Hodgkin's disease, 
(10) Iymphosarcoma, (11) leukemia, and (12) meta- 
static carcinoma. 


the background of a discussion of the underlying 
pathologic changes for an adequate understanding of 
these roentgen abnormalities. 
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COURSE 305 
Thursday 


DONALD L. MCRAE 
Montreal, Quebec, Canada 


Anatomic and Pathologic Factors of Radiologic 
Importance in Disorders of the Spine 


In patients with spinal complaints, roentgenologic 
examinations sometimes show normal findings and 
at other times show lesions that are not responsible 
for the patient's complaints. Sometimes spinal roent- 
genograms of asymptomatic patients show abnor- 
malities that have never given rise to symptoms. 
What, then, is the value of roentgenologic examina- 
tion of the spine? The roentgenologic examination of 
the spine shows anatomic and pathologic facts about 
the bones and joints and occasionally about the soft 
tissues that cannot be determined by any other 
method in the intact patient. In order to determine 
the importance of the anatomic and pathologic 
facts revealed bv roentgenologic examination, care- 
ful correlation of the clinical and roentgen findings 
must be carried out. 

The embryology, the anatomy and the normal 
variations of the spine will be discussed. Changes in 
the spine with advancing age should be appreciated 
and special emphasis will be made on their frequency 
and distribution. Photographs, roentgenograms, and 
mvelograms of some $0 excised spines will be shown. 
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COURSE 307 
Thursday 


BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 


The Hili and Pulmonary Vessels 


The hili and pulmonary vasculature often provide 
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important clues in chest roentgen interpretation. 
However, variations within the normal range are so 
broad that it often is difficult to distinguish between 
the normal and the abnormal. Working from a back- 
ground of the normal, the course wil deal with min- 
imal changes in the roentgenogram which indicate 
important disease. The discussion will include the 
following areas: (1) hil, (2) pulmonary arteries, (3) 
pulmonary veins, (4) lymphatics, (5) bronchial circu- 
lation and (6) azygos system. 


COURSE 308 
Thursday 


VINCENT P. COLLINS, M.D. 
Houston, Texas 


How to Succeed at Cancer without Even Trying 


Accumulated clinical experience provides a basis 
for predicting the course of human cancer in the form 
of quite consistent survival rates. This experience is 
also applicable to reconstructing the preclinical 
course of cancer and estimating the time of onset and 
occurrence of metastases. Together these constitute 
the natural course of cancer. 

This presentation will explore the effects of oppos- 
ing the natural course of cancer with cancer therapy 
and how resulting successes and failures may with 
some greater certainty be respectively duplicated 
or avoided. 


COURSE 309 
Thursday 


STEVEN J. FIGIEL, M.D. 
Detroit, Michigan 
LEO S. FIGIEL, M.D. 
Detroit, Michigan 


The Colon: 


The material presented in this course will establish 
evidences of a relationship between the colonic polyp 
and colonic cancer. The detection, significance and 
follow-up studies of selected case material dealing 
with the colonic polyp will be presented. 

The incidence of error in the detection of colonic 
cancer will be discussed and measures to prevent 
such errors will be stressed. 

The ileocecal region and the appendix will be 
covered in detail. The remainder of the course will 
deal with the barium enema examination in various 
obstructive conditions other than carcinoma, ¢.g., 
volvulus, colo-colic intussusception and others. The 
more unusual entities in which a specific diagnosis ts 
frequently possible, such as endometriosis, pneu- 
matosis coli, etc., will also be considered. 


Roentgenographic Considerations 
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COURSE 311 
Thursday 


HARRY W. FISCHER, M.D. 
Iowa City, Iowa 


Fact and Fancy in the Use of Contrast Media 


The distinguishing between fact and fancy in the 
characteristics of contrast media allows a more 
rational selection and use. Much of the information 
on this subject is little appreciated and poorly or- 
ganized. For the intravascular media, the character- 
istics to be considered are: (1) effective flow rate 
which should be expressed in grams of iodine per sec- 
ond, (2) the toxicity on organ-systems, (3) dose size 
for maximum roentgenographic effectiveness, (4) 
injection equipment, and (5) the medico-legal prob- 
lems. The dependence of low rates on viscosity, 
catheter size and length, and iodine content will be 
discussed. Toxicity will be considered in regard to 
mechanisms, avoidance and treatment. Injection 
equipment will be evaluated on the basis of compara- 
tive testing. The optimum dose for angiography, 
pyelography, and cholangiography will be touched 
upon briefly. The place of testing, disclosure to the 
patient, and legal hability will be considered. 

Several characteristics of gastrointestinal contrast 
agents, such as particle size, stabilizing agents, toxic- 
ity, absorbability, and harmful effect on the peri- 
toneum, will also be considered if time permits. 
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COURSE 321 
Thursday 


IAN W. D. HENDERSON, M.D. 
Montreal, Quebec, Canada 


Adjunctive Chemotherapy in Surgery 
and Radiotherapy 


In the treatment of malignant disease, three forms 
of therapy are increasingly being combined. Surgery 
is still the method of choice when a malignancy can 
be totallv excised or when palliative resection is indi- 
cated. Radiotherapy, although also a form of local- 
ized treatment, remains the mainstay of therapy for 
disease which is regional. It is additionally indicated 
for "spot" therapy in certain cases of disseminated 
disease. 

Neither surgery nor radiotherapy, however, can 
deal with the problem of blood stream cancer cell 
dissemination, or treat adequately the patient who 
has widespread metastases. Chemotherapy has re- 
cently been used postoperatively in a number of 
types of malignancy in an attempt to kill the free- 
floating cancer cell and increase the long term prog- 
nosis. Combinations of radiotherapy and chemo- 
therapy have become standard in the treatment of 
lymphomas. Since certain chemical agents such as 
synkavite and actinomycin D have been shown to 
be radiosensitizers, it has been found possible to treat 


Vor. go, No. 2 


certain radioresistant tumors by prior chemotherapy 
to increase the degree of radiation response. This ap- 
proach has been used recently to treat osteogenic 
sarcoma where the sensitizing agent, actinomycin D, 
is administered by a perfusion technique so that 
higher concentrations may be achieved within the 
tumor. Inoperable carcinoma of the gastrointestinal 
tract is often treated by combining an antimetabolite 
and ionizing radiation. Other indications for adjunc- 


tive chemotherapy include the management of 


peripheral melanoma, the treatment of malignant 
effusions, and the intra-arterial infusions of anti- 
metabolites for recurrent or inoperable malignancies 
of the head and neck, pelvis, liver, or pancreas. 
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COURSE 322 
Thursday 


JOHN R. CUNNINGHAM, Ph.D. 
Toronto, Ontario, Canada 


The Calculation of Tumor Dose 
in Radiotherapy 


Although the basic principles of practical radiation 
dosimetry are by now well established, the knowledge 
of these principles and their use in practice is all too 
often not yet part of the practicing radiologist. The 
first part of this course will deal with basic principles 
of tumor dose calculation, sources and use of tabu. 
lated data and with definitions and terminology. The 
second part of the course will deal with experimental 
measurements and verifications of the already men- 
tioned calculations. Application to specific problems, 
such as oblique incidence and the use of balanced 
tumor doses, will be discussed. 
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COURSE 323 
Thursday 


W. J. SIMPSON, M.D. 
Toronto, Ontario, Canada 
R. G. BAKER, Ph.D. 
Toronto, Ontario, Canada 


Isotope Scanning of Body Organs and 
the Whole Body 


Physical Aspects. Instrumentation and design 
criteria for the assessment of the versatility of a 
scanning system will be discussed. Topics will in- 
clude (a) nature of the problem or problems, (b) 
resolution, (c) sensitivity, (d) shielding, (e) data 
display and analysis and (f) dosimetry. Some con- 
sideration will be given to the merit of the versatile 
unit such as the whole body scanner versus the spe- 
cialized unit such as the liver or organ scanner. 

Clinical Aspects. A variety of scans will be dis- 
cussed: total body scans using 1?! for metastatic thy- 
roid carcinoma, radioactive iron (Fe) in studying 
hematologic disorders, and skeletal scanning using 
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strontium 85 in the search for bone metastases not 
apparent on roentgenograms; liver scans (using rose 
bengal labeled with I); kidney scans (using neo- 
hydrin labeled with Hg?9); and spleen scans (using 
injured red blood cells labeled with Cr?). With each 
of these a brief discussion of the basic physiology 
will be followed by a description of the methods used. 
The interpretation of the scans will be discussed, and 
finally our impression of their clinical usefulness will 
be given. 
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COURSE 401 
Friday 
E. DALE TROUT, D.Sc. 
Corvallis, Oregon 
PETER BIRD, Ph.D. 
Ottawa, Ontario, Canada 


Radiation Legislation in the 
United States and Canada 


In recent years there has been an accelerating pro- 
gram of radiation legislation in the United States 
and Canada. As major users of radiation, any such 
program is of interest to radiologists. 

The reason for radiation legislation will be dis- 
cussed and the present status of the legislative pro- 
gram will be considered. The impact of legislation on 
radiologic practice, the expected trend of future 
legislation and the lessons learned to date will be con- 
sidered. 
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COURSE 402 
Friday 
ROBERT G. FRASER, M.D. 
Montreal, Quebec, Canada 


Dynamic Qualities of the Bronchial Tree 


The material to be presented is largely concerned 
with the dynamic qualities of the bronchial tree, 
without paying much attention to its morphologic 
changes in disease. 

Included in the presentation will be cine-studies 
and intrabronchial pressures in relation to bronchial 
dynamics, not only in normal patients but in patients 
with various diseases such as chronic bronchitis and 
emphysema. The dynamic activity of the bronchi in 
bronchiectasis has similarly been investigated. 
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COURSE 403 
Friday 


M. H. WITTENBORG, M.D. 
Boston, Massachusetts 


Osseous Manifestations of Systemic 
Disease in Infancy and in Childhood 
The roentgen diagnostic aspects of bone changes in 
systemic disease will be reviewed. Emphasis will be 
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on the changes that are unique to growing bones. 
This will include examples of nutritional, hema- 
tologic, metabolic, and endocrine disorders that are 
reflected in the skeleton by characteristic roentgeno- 
graphic appearances. 


COURSE 404 
Friday 


J. S. DUNBAR, M.D. 
Montreal, Quebec, Canada 


Pediatric Urology 


The technique of urography will be discussed, with 
particular emphasis on infants and young children. 
The methods of roentgenography and the use and 
dosage of contrast media will be outlined. Particular 
emphasis will be placed on the diagnosis of chronic 
urinary infection and on lower tract disease. The 
value of excretory urography will be stressed, and 
methods of using both roentgenography and cine- 
fluorographv to derive maximum information by this 
method will be outlined. 


COURSE 405 
Friday 

WALLACE M. ROY, M.D. 
Toronto, Ontario, Canada 

G. O. SUTHERLAND, M.D. 
Toronto, Ontario, Canada 

G. F. PENNAL, M.D,, F.R.C.S.(C). 

Toronto, Ontario, Canada 


Roentgen Diagnosis of Abdominal 
and Pelvic Trauma 


This course will emphasize the importance of 


proper technique and early roentgen diagnosis in 
nonpenetrating abdominal trauma, with illustrative 
examples of rupture of the spleen, liver, duodenum, 
kidney, bladder, etc. Discussion of pelvic trauma will 
be devoted primarily to the fractured pelvis. A tech- 
nique will be described for obtaining special roent- 
genograms which demonstrate precisely the position 
of the fractures and the associated abnormalities 
which have taken place at the sacroiliac Joints. Se- 
lected case studies will show some basic fracture pat- 
terns and these will be correlated to the mechanism 
of the injury. A 16 mm. cine-film will also be utilized 
to demonstrate the mechanics of pelvic fracture and 
the cause of bladder rupture. 
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COURSE 406 
Friday 


WILLIAM MARTEL, M.D. 
Ann Arbor, Michigan 


Radiologic Manifestations of 
Rheumatoid Arthritis 


The &ndings in rheumatoid arthritis will be con- 
sidered in detail and an attempt will be made to cor- 
relate some of these changes with anatomy and gross 
pathology. The juvenile and adult forms of the dis- 
ease and, where possible, other conditions from the 
standpoint of the differential diagnosis will be dis- 
cussed. 


COURSE 407 
Friday 


DONALD L. MCRAE, M.D. 
Montreal, Quebec, Canada 


The Present Status of Cerebral Angiography 


Cerebral angiography has added a new dimension 
to the examination of the head and neck, particu- 
larly in reference to the brain and other intracranial 
structures. As in all roentgenologic examinations, a 
positive finding is of great value but a negative find- 
ing is of less exclusionary value. An attempt will be 
made to assess the role of cerebral angiography in 
subarachnoid hemorrhage, stroke, cerebrovascular 
insufficiency, expanding intracranial lesions, head 
trauma and epilepsy. 


COURSE 408 
Friday 
GERALD D. DODD, M.D. 
Philadelphia, Pennsylvania 
ROY R. GREENING, M.D. 
Philadelphia, Pennsylvania 
SIDNEY WALLACE, M.D. 
Philadelphia, Pennsylvania 


Lymphangiography 


This discussion will include a brief review of the 
historical and experimental background of lymph- 
angiography and detail the technique, indications 
and complications of the intralymphatic injection of 
various contrast media. The roentgen appearance of 
nermal lymphatic channels and lymph nodes will be 
stressed with comment on normal variants which fre- 
quently lead to erroneous interpretation. Various 
abnormal states will be illustrated and current and 
future avenues of investigation considered. Time 
will be reserved for discussion from the floor. 
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COURSE 409 
Friday 


WILLIAM H. SHEHADI, M.D. 
Port Chester, New York 


Radiologic Study of the Biliary Tract 


Although some pathologic conditions involve pri- 
marily the liver and others the extrahepatic biliary 
tract, roentgenologically as well as clinically, the 
biliary tract should be considered as one unit. The 
anatomy, physiology and pathology of the biliary 
tract will be briefly reviewed, with special emphasis 
on a study of liver function tests and jaundice, 
bringing out the role they play in biliary tract 
visualization. 

The course will encompass the technique of liver 
examination, liver function tests and jaundice, and 
a study of liver diseases which are roentgenologically 
significant. 

Also the techniques of gallbladder and bile duct 
visualization, the relative merit of the oral and in- 
travenous methods, and an evaluation of the con- 
trast media used in biliary tract visualization will 
be covered. The commonly as well as the infre- 
quently encountered diseases of the gallbladder and 
ducts and the so-called postcholecystectomy syn- 
drome will be discussed from a roentgenologic point 
of view. 


COURSE 410 
Friday 
J. T. LITTLETON, M.D. 
Sayre, Pennsylvania 


Polydirectional Body-Section Roentgenography 


This course will be concerned primarily with the 
physical principles involved in body-section roent- 
genography and the clinical application of polydirec- 
tional techniques. 

Numerous phantom studies will be presented to 
visually indicate the character of the blur pattern of 
the various tomographic systems and the manner in 
which the blur pattern affects the usefulness of the 
resulting roentgenograms in each system. From an 
understanding of the physical nature of the various 
blurring patterns, one can readily appreciate the 
clinical usefulness and limitations of each system and 
the source of artifacts which are inherent to the 
tomographic system. 

The application of the various blurring patterns to 
different anatomic areas will be illustrated and 
numerous clinical cases will be presented to empha- 
size the distinct advantage of pluridirectional body- 
section techniques. 

Finally, a brief review will be presented of the ad- 
vantages and limitations of "zonography" or small 
angle tomography. 
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COURSE 411 
Friday 
ARTHUR K. FINKELSTEIN, M.D. 
Philadelphia, Pennsylvania 


Colonic Diverticulitis: A Diagnostic Problem 


The anatomy, pathology and pathogenesis of 
colonic diverticulosis and diverticulitis will be pre- 
sented. On these bases, an explanation will be offered 
for the difficulties frequently encountered in the 
roentgenologic diagnosis of diverticulitis. The con- 
flicting data concerning the incidence of diverticu- 
losis and diverticulitis will be similarly explained. 


COURSE 421 
Friday 
MARVIN N. LOUGHEED, M.D. 
Montreal, Quebec, Canada 


The Role of Radiation Therapy As a Primary 
Treatment of Carcinoma of the Breast 


Preoperative radiation therapy is again coming 
into common practice. With it comes a concept of 
radiation therapy as a primary treatment of car- 
cinoma of the breast. To be successful such a treat- 
ment demands experience and care. The author will 
deal with his own experience in this course and the 
subjects treated will cover answers to the following 
questions: 

+ (a) What can radiation therapy do to control a 
primary lesion, either as 1. a preoperative procedure 
or 2. as the only treatment? 

(b) What technical methods bring the best results? 

(c) What post-treatment difficulties are most 
likely to arise? How can these be treated or reduced? 

In covering these subjects special consideration 
will be given to radiation therapy as a preoperative 
procedure and to the special circumstances of ulcer- 
ated lesions, extensive skin involvement, lymph- 
adenopathy, and locally resistant primary lesions. 

In “Methods of Radiation” the quadrate tech- 
nique will be compared with the ¢ field technique, 
with special consideration of the use of bolus, frac- 
tionation, cesium 137, and cobalt 6o. 

The complications discussed will include those 
caused by subsequent surgical procedures such as 
mastectomy, late skin necrosis, interruption of treat- 
ment, radiation pneumonitis, and local recurrence. 
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COURSE 422 
Friday 


W. E. C. ALLT, M.B. 
Toronto, Ontario, Canada 


Radiation Therapy in the 
Treatment of Oral Cancer 


The content of this course will include: 


1. A brief discussion of pathogenesis and pathol- 

ogy of oral cancer 
A detailed discussion of cancer at the various 

on sites with special reference to the clinical man- 
agement and the treatment methods practiced at the 
Princess Margaret Hospital in Toronto 

3. A brief résumé of the survival results to be ex- 
pected using such methods 
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COURSE 423 
Friday 
JEAN L. BOUCHARD, M.D. 
Montreal, Quebec, Canada 


The Role of Radiation Therapy in Clinical Man- 
agement of Extensive Hemangiomas 
and Lymphangiomas 


This course will deal with the indications for treat- 
ment of extensive |ymphangiomas and hemangiomas, 
the therapeutic methods used over a period of years 
and the results of such treatment. 


CONDENSED SCHEDULE OF COURSES 





TUESDAY 


3:00 to 4:30 P.M. 


October 8, 1963 





Diagnostic Roentgenology 
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i 
| Infants and Children 
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104—M eszaros | Roentgen Cardiology of 
| Adults 
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namic Classification of Bone 
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| Ulcer 
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Percutaneous 
| theterization Techniques and 
| Their Applications 
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110— Jacobson | Benign Bone Tumors 
111—Stauffer | Stereoscopy, Dead or Alive? 
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Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 





| 
121—Gibson | Clinical Management of Car- 
| cinoma of the Uterine Cervix 
} 
122—Bruce |! Survival of Normal and Ma- 
| lignant Mammalian Cells 
| following Irradiation 
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Radiation Therapy of Skin 
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CONDENSED SCHEDULE OF COURSES 





WEDNESDAY 


3:00 to 4:30 P.M. 


Diagnostic Roentgenology 
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the Small Bowel: Factors 
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and Diagnosis 


Metastatic Bone Disease: 
Roentgenographic Visualiza- 
tion, Classification and Eval- 
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The Localization of Intra- 
cranial Masses by Cerebral 
Angiography 


October 9, 1963 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


g 


The Place of Radiation 
Therapy in Treatment of 
Brain Tumors 


222—Burr | Carcinoma of the Lung 
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CONDENSED SCHEDULE OF COURSES 





THURSDAY 


3:00 to 4:30 P. M. 


October 10, 1963 





Diagnostic Roentgenology 





301—Lester | Selective Angiocardiography 
302—Egan | Over Seven Years’ Exper- 
ioa . : i 
| jence with Mammography 
| p 


303—~Barden 


The Relation of Normal and 
Abnormal Lung Function to 
Radiologic Diagnosis 


304— Jacobson Malignant Bone Tumors— 
Primarv and Secondary 


Anatomic and Pathologic 
Factors of Radiologic Impor- 
tance in Disorders of the 





| Spine 

306—Etter | Normal and Pathologic 
| Roentgen Anatomy of the 
| Skull, Paranasal Sinuses and 
| Mastoids 

307—Felson | The Hili and Pulmonary 
| Vessels 

308— Collins | How to Succeed at Cancer 
| without Even Trying 

309—Figiel | The Colon:  Roentgeno- 

Figiel | graphic Considerations 
310—Nelson | Bronchography 


311—Fischer 
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i 
} 
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Fact and Fancy in the Use of 


| Contrast Media 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


321—Henderson 
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Adjunctive Chemotherapy in 
Surgery and Radiotherapy 





The Calculation of Tumor 
Dose in Radiotherapy 
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Isotope Scanning of Body 
Organs and the Whole Body 
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CONDENSED SCHEDULE OF COURSES 





FRIDAY 1:30 to 3:00 P.M. October 11, 1963 





Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 
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Sutherland | dominal and Pelvic Trauma | 
Pennal | | 
406— Martel | Radiologic Manifestations of | 
| Rheumatoid Arthritis | 
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407—McRae | The Present Status of Cere- | 
| bral Angiography | 
408— Dodd | Lymphangiography | 
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Wallace | | 
๕ ๐ ๐ ป | 
| " z * NI Fad - i 
409—Shehadi | Radiologic Study of the Bil. | 
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NEWS Hm 


THE AMERICAN BOARD OF RADIOLOGY 


At the recent meeting of the Board of 


Trustees of the American Board of Radiol- 
ogv held in conjunction with. the Spring 
1963 examination at the Sheraton Hotel, 
Philadelphia, Pennsylvania, the following 
officers were elected: President, Dr. James 
W. J. Carpender; Vice-President, Dr. C. 
Allen Good. Dr. Eugene F. Van Epps is the 
Treasurer, and Dr. H. Dabney Kerr, the 
Secretary of the Board. 

The Fall 1963 examination will be held at 
the Terrace Hilton Hotel, Cincinnati, Ohio, 
December 2-6, inclusive. Deadline for filing 
applications was June 30, 1963. 

The Spring 1964 examination will be 
held at the Americana Hotel, New York 
City, June 8-12, inclusive. Deadline for 
filing applications is December 31, 1963. 
There will be a special examination in 
Nuclear Medicine for diplomates in Radiol- 
ogy and Therapeutic Radiology if suffi- 
cient applications are received. 

The Fall 1964 examination will be held 
at the Americana Hotel, Bal Harbour, 
Florida, December 7~11, inclusive. Dead- 
line for filing applications is June 30, 1964. 

Correspondence should be directed to 
Kahler Hotel Building, Rochester, Minne- 
sota. 





NATIONAL ACADEMY OF SCIENCES— 
NATIONAL RESEARCH COUNCIL 
On behalf of the James Picker Founda- 
tion, the National Academy of Sciences-— 
National Research Council announces the 
award of 27 grants and fellowships in 





radiology and nuclear medicine. These 
awards, totaling approximately $200,000, 


were recently approved by the Foundation 
on recommendation of the Committee on 


Radiology of the Academy~~Research 
Council. At the same time, the Medical 


Research Council of Canada announces on 
behalf of the Foundation the award of 3 
research grants for the coming vear. The 





Foundation calls upon the U. S. Academy 
— Research Council to serve as E scientific 
adviser with respect to its program in the 
United States and abroad, and the Cana- 
dian Medical Research Council carries à 
similar responsibility for the activities of 
the Foundation in Canada. 

For information write to Division of 
Medica! Science, 2101 Constitution Ave- 
nue, N. W., Washington 25, D. C. 


POSTGRADUATE COURSE ON RADIOLOGY 
OF THE URINARY TRACT 


EMORY UNIVERSITY 


The Department of Radiology of Emory 
University School of Medicine will conduct 
a postgraduate course, Radiology of the 
Urinary Tract, on October 25—26, 1963. 
'This course will be held at Grady Memorial 
Hospital, Atlanta, Georgia. 

The guest facultv will be Dr. John L. 
Emmett, Mavo Clinic, Dr. John A. Evans, 
The New York Hospital—Cornell Medical 
Center, and Dr. John W. Hope, The Chil- 
dren's Hospital of Philadelphia. 

For further information, please write to 
H. S. Weens, M.D., Department of Radiol- 


ogv, Emory University School of Medi- 
cine, Atlanta 22, Georgia. 
SPECIAL RADIATION PROCEDURES IN 
THE TREATMENT OF CANCER 


A one-week intensive course in the use of 
specialized radiation techniques in the 
treatment of malignant disease will com- 
mence at the Queens Hospital Center, 
Monday, October 14, 1963. Clinical, opera- 
tive, and laboratory sessions will be held 
and will include: 1. rotational and arc co- 
balt teletherapy; 2. interstitial therapy 
with various radioisotopes, e.g. iridium, 
yttrium, cobalt, radon; 3. recent tech- 
niques in the field of isotopes; 4. beta-ray 
applicators; $. operative radium tech- 
niques; 6. modern techniques in radium 
mold fabrication. 

Enrollment in the course will be limited. 
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Apply to: Dr. Philip J. Kahan, Super- 
vising Medical. Superintendent, Queens 
Hospital Center, 82-68 164th Street, Ja- 
maica 32, New York. 


OPERATIVE RADIUM THERAPY DAY 


An Operative Radium Therapy Dav is to 
be given at the Queens Hospital Center on 
Wednesday, October 16, 1963. The pro. 
gram will include the use of the Henschke 
afterloading techniques; interstitial radia- 
tion in the oral cavity; radical insertion of 
radium in the neck; various applicators in 
carcinoma of the endometrium, radium 
needles in the parametria; and radon, 
iridium-thread, and cobalt interstitial ther- 
apy. Clinical demonstration will depend 
on availability of patients. 

Enrollment will be limited. 

Apply to: Dr. Philip J. Kahan, Supervis- 
ing Medical Superintendent, Queens Hos- 
pital Center, 82-68 164th Street, Jamaica 
32, New York. 


AWARD OF THE 1963 RONTGEN PLACQUE 


On May 11, 1963, the Mayor of the City 
of Remscheid-Lennep, Germany, the birth- 
place of William Conrad Róntgen, pre- 
sented the 1963 Róntgen Placque to Pro. 
fessor A. Bouwers, of the Netherlands, 
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President of the Optical Industry Company 
of The Old Delft, for his outstanding re- 
search in the field of roentgenology. 

This is the 28th time that the Róntgen 
Placque has been awarded, and the second 
time that a Netherlander has been so 
honored. 

FOURTH ROCHESTER (N. Y) SYMPOSIUM 
ON CINEROENTGENOLOGY 

The Fourth Rochester Symposium on 
Cineroentgenology will be held in Roches- 
ter, New York, on November 15 and 16, 
1963. As before, the seating capacity of the 
auditorium will limit registration to ap- 
proximately 200 individuals. 

The program will include basic orienta- 
tion in problems of motion picture roent- 
genography as well as demonstrations of 
the applications of cineroentgenology in 
the basic and clinical sciences. 

This announcement 1s an invitation for 
the submission of scientific papers dealing 
with any facet of the technical or applied 
aspects of motion picture roentgenography, 
including pertinent television technology. 

For application forms to register or to 
present papers, write to: Stanley M. 
Rogoff, M.D., Division of Diagnostic Radi- 
ology, University of Rochester Medical 
Center, Rochester 20, New York. 
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ISODOSE CHARTS AND Depry Dose TABLES ron 
Mepium Ewercy X Rays. Prepared by 
K. C. Tsien and M. Cohen, Ph.D., in col- 
laboration with the Radiotherapy Depart- 
ment of Temple University Medical Center, 
Philadelphia, Pa., and the Scientific Sub- 
Committee of the Hospital Physicists’ Asso- 
ciation, United Kingdom. Paper. Price, 
$29.50. International Atomic Energy 
Agency, Vienna, Austria, 1962. 


so 1sodose 
charts with central axis depth dose tables for x 
rays of half value layer of 1.0, 1.5, 2.0, 2.5, and 
3.0 mm. Cu at so cm. focus-skin distance. 
There are 9 circular, 9 square, and 16 rectangu- 
lar fields in both axial planes. The charts apply 
strictly to closed-end applicators. Since the 
effect of collimating has very little effect on 
the shape of the curves but does affect the 
central axis depth dose, these charts are easily 
modified to fit any collimating situation. A 
simple equation using factors given in tables is 
provided for this purpose. The isodose charts 
are in loose leaf form on heavy translucent 
paper for convenient utilization in a therapy 
practice, 

The charts were computed with an IBM 
digital computer at Temple University Medical 
Center. They have been compared with experi- 
mentally obtained charts and have also been 
checked with an entirely different method of 
computation using the "Pegaries" computer of 
the University of Durham, United. Kingdom. 
There was close agreement. 

The data used in the computations included 
were as follows: (1) central axis percentage 
depth doses for closed-end applicators as pub- 
lished in Section 2 of the British Journal of 
Radiology, Supplement No. 10; (2) backscatter 
factors of Greening; (3) percentage depth doses 
for zero field area attributed to Johns ef al; 
(4) constants M and S specially designed by 
Meredith to fit the data above; (5) scatter inte- 
grals for circular fields as calculated by Mere- 
dith and Neary and Quimby ef a/.; and (6) 
relative scatter and elongation correction 
factors reported by Worthley ef al. 

This is the first large scale, comprehensive 


This publication consists of 250 
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set of isodose charts ever to be published. The 
authors intend to have 1sodose charts for high 


energy radiation soon available in ล similar 
publication. This joint effort of the Temple 
University Medical Center in the United 


States, The Hospital Physicists Association in 
the United Kingdom, and the International 
Atomic Energy Agency is an excellent example 
of worthwhile international cooperation. The 
authors have correctly recognized the needs of 
many radiation therapy centers. We can con- 
gratulate them for this useful publication and 
encourage them in their efforts for similar 
work in the higher energy fields. The charts 
should be extremely useful in any department 
even if only a moderate volume of therapy is 
performed. 


Ricuarp R. Ostunp, M.D. 


BOOKS RECEIVED 


Tue ULrcer Dier Cook Book. By Harold Rubin, 
with an Introduction by Franz J. Lust, M.D., 
L.F.A.C.G., Past President, New York Academy 
of Gastroenterology. Cloth. Pp. 223. Price $4.95. 
M. Evans and Company, Inc, 230 East soth 
Street, New York 22, New York, 1963. 

RADIATION ErrkcTs IN PHYSICS, CHEMISTRY AND 
Biorocv. Proceedings of the Second International 
Congress of Radiation Research, Harrogate, 
Great Britain, August §-11, 1962. Edited by 
Michael Ebert, Paterson Research Laboratories, 
Christie Hospital & Holt Radium Institute, With- 
ington, Manchester; Alma Howard, British Em- 
pire Cancer Campaign, Research Unit in Radio- 
biology, Mount Vernon Hospital and The Radium 
Institute, Northwood, Middlesex. Cloth. Pp. $10, 
with a few illustrations and many graphs. Price, 
$14.00, North-Holland Publishing Company, 68-70, 
N. ZA. Voorburgwal, Amsterdam, Netherlands, 
1963. 

A Synopsis or SURGICAL Anatomy. Ninth Edition. 
By Alexander Lee McGregor, M.Ch. (Edin.), 
F.R.C.S. (Eng), Emeritus Senior Surgeon, Johan- 
nesburg General Hospital. Cloth. Pp. 908, with 825 
illustrations. Price, $8.00, The Williams & Wilkins 
Company, Baltimore 2, Maryland, 1963. 

Tur Lower ESOPHAGEAL VESTIBULAR COMPLEX. 
By Costantino Zaino, M.D., F.A.C.R., Associate 
Clinical Professor Radiology, New York Uni- 
versity Medical Center; Associate Roentgenolo- 
gist, Montefiore, Lincoln, Bellevue and Union 
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Hospitals; Roentgenologist, St. Anthony's Hos. 
pital and Francis Shervier Hospital and Home; 
Maxwell H. Poppel, M.D., F.A.C.R., Professor 
and Chairman, Department of Radiology, New 
York University Medical Center; Director of 
Radiology, Bellevue and University Hospitals; 
Consulting Radiologist, U. S. Naval Hospital, 
National Naval Medical Center, Bethesda, Mary- 
land; Harold G. Jacobson, M.D., F. A.C. R., Pro- 
fessor of Clinical Radiology, New York University 
Medical Center; Chief of Diagnostic Roentgenol- 
ogy, Montefiore Hospital, New York; Harold 
Lepow, M.D., F.A.C.P., Visiting Assistant Pro- 
fessor of Pathology, Albert Einstein College of 
Medicine, New York; Pathologist and Director of 
Laboratories, Lincoln Hospital and Mother Ca- 
brini Memorial Hospital. Cloth. Pp. 272, with 
many illustrations. Price, $12.75. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Hlinois, 1963. 

Tug Practice or Country RaproLtocy. By Donald 
de Forest Bauer, M.D., C.M., M.Sc., Associate 
Consulting Radiologist, Klamath Valley Hospital 
and Hillside Hospital, Klamath Falls, Oregon; 
Radiologist, Modoc Medical Center, Alturas and 
Cedarville, California; Associate Professor, Medi- 
cal X-ray Technology, Oregon Technical Institute, 
Klamath Falls, Oregon. Cloth. Pp. 260 with 
illustrations. Price, $11.75. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, Spring- 
field, Ilinois, 1963. 


PRINCIPLES AND Practice Or Ora. RADIOLOGIC 


INTERPRETATION. By H. M. Worth, F.R.C.P. (C), 
IFLR. L.R.C.P. (Lon), M.R.C.S. (Eng), L.D.S., 
R.C.S. (Eng), D.M.R.E. (Camb.); Formerly, 
Radiologist to Guy's Hospital and Dental School; 
Special Lecturer in Radiology, The Faculty of 
Dentistry, University of Toronto; Diplomate, 
American Board of Radiology. Cloth. Pp. 746 with 
662 illustrations. Price, $30.00. Year Book Medical 
Publishers, 35 E. Wacker Drive, Chicago 1, Hli- 
nois, 1963. 


CLINICAL GASTROENTEROLOGY. Revised Second Edi- 


ton, By Eddy D. Palmer, M.S., M.D., F.A.C.P,, 
Colonel, Medical Corps, United States Army, Con- 
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sultant in Gastroenterology to the Surgeon Gen- 
eral, Chief of the Department of Medicine, Brooke 
General Hospital, Fort Sam Houston, Texas. 
Cloth. Pp. 706 with many illustrations. Price, 
$22.50. Hoeber Medical Division, Harper & Row, 
Publishers, 49 East Thirty-third Street, New York 
16, New York, 1965. 


Tumors or THE Eye. Second Edition. By Algernon 


B. Reese, M.D., D.Sc. (Hon), M.D. (Hon), 
LL.D. (Hon.), Consulting Ophthalmologist and 
Pathologist, Institute of Ophthalmology; Clinical 
Professor of Ophthalmology, Emeritus, College of 
Physicians and. Surgeons, Columbia University, 
New York City. Cloth, Pp. 693, with 734 illustra- 
tions. Price, $30.00. Hoeber Medical Division, 
Harper & Row, Publishers, New York, 1963. 


Bases PHYSIQUES DE LA RADIOTHÉRAPIE ET DE LA 


RapionioLoGrE. By Maurice Tubiana, Professeur 
à la Faculté de Médecine de Paris; Chef du Dé- 
partement des Radiations de l'Institut Gustave 
Roussy; Jean Dutreix, Professeur agrégé des 
Facultés de Médecine; Radiologiste de l'Institut 
Gustave Roussy; Andrée Dutreix, Chef de l'Unité 
de Radiophysique de l'Institut Gustave Roussy; 
Pierre Jockey, Médecin-adjoint au Centre d'Etudes 
nucléaires de Saclay. Cloth. Pp. 812, with 346 fig- 
ures. Price, 140 F. Masson et C, Editeurs, 120, 
Boulevard Saint-Germain, Paris VI®, 1963. 


Con PULMONALE BEI LUNGENTUBERKULOSE. By Dr. 


J. Widimský, C.Sc., Dr. R. Dejdar, Dr. K. Kubát, 
C.Sc, Dr. A. Valach, Institut für Kreislauf- 
forschung, Prag-Kré; Dr. Z. Vysloužil, Dr. M. 
LukeS, Institut für arzthche Fortbildung, Prag, 
Lehrstuhl für Tuberkulose; Dr. J. Kruml, Institut 
für árztliche Fortbildung, Lehrstuhl für Patholo- 
gische Anatomie. Cloth. Pp. 392, with 125 illustra- 
tions, and 104 tables. Price, Geb. DM 77.20. VEB 
Gustav Fischer Verlag, Jena, Villengang 2 / Post- 
schhessfach Nr. 176, 1963. 


RGONTGENDIAGNOSTIK UND RÓNTGENTHERAPIE DER 


ERKRANKUNGEN DES ENDOKRINEN SYSTEMS. By 
Dr. L Ispas and Dr. T. Roxin, Bukarest. Cloth. 
> 
Pp. 275, with 116 illustrations. Price, Geb. DM 
PG ว 
40.40. VEB Gustav Fischer Verlag Jena, Villen- 
gang 2 / Postschliessfach Nr. 176. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


American ROENTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Queen Elizabeth Hetel, Mon- 
treal, Que., Canada, Oct. 8-11, 1963. 

AMERICAN RADIUM Society 
Secretary, Dr. Justin J. Stein, U.C.L.A. Medical Center, 
Los Angeles 24, Calif. Annual meeting: Greenbrier 
Hotel, White Sulphur Springs, W. Va., April 13-16, 1964. 

RADIOLOGICAL SOCIETY oF NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1744 South Fifty- 
eighth St,, Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 E. Genessee 
St., Syracuse, N. Y. Annual meeting: Palmer House, 
Chicago, Ill, Nov. 17-22, 1963. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N, Wacker 
Drive, Chicago 6, Ill. Annual meeting: Ramada Inn, 
Tucson, Ariz., Feb. 5-8, 1964. 

SECTION on RADIOLOGY, ÁMERICAN MEDICAL Association 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West tor Eighth Ave., Spokane 4, Wash. Annual 
meeting: San Francisco, Calif, June 21-25, 1964. 

AMERICAN BOARD or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Fall 1963 examination will be held at the Terrace 
Hilton Hotel, Cincinnati, Ohio, December 2-6, inclusive. 
Deadline for filing applications was June 30, 1963. The 
Spring 1964 examination will be held at the Americana 
Hotel, New York City, June 8-12, inclusive. Deadline 
for filing applications is December 31, 1963. There will 
be a Special Examination in Nuclear Medicine for dip- 
lomates in Radiology or Therapeutic Radiology if suffi- 
cient applications are received. The Fall 1964 examina- 
tion will be held at the Americana Hotel, Bal Harbour, 
Florida, December 7-11, inclusive. Deadline for filing 
applications 1s June 30, 1964. 

AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE 
Secretary Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to beannounced. 

AMERICAN CLUB OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J, A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL CONGRESS or RADIOLOGY 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sor Dr. Med. Luigi Turano, President-Elect, Istituto di 
Radiologia, Università di Roma, Rome, Italy. Meeting: 
September, 1955. 

EIGHTH INTER-AMERICAN CONGRESS or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 11th. and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

Secretary, Dr. Mario Gaitan-Yanguas, Bogota, Colombia. 
Meeting to be announced. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association, 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, HI. Annual meeting to be announced. 

Arizona RADIOLOGICAL SOCIETY 


Secretary-Treasurer, Dr. E. Lawrence Ganter, 1820 E. 


Polk St., Phoenix 34, Ariz. Two regular meetings a year, 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association OF Universrry RADIOLOGISTS 
Secretary, Dr. John A. Campbell, Indiana University 
Medical Center, Indianapolis, Ind. Annual meeting to be 
announced. 

ATLANTA RADIOLOGICAL Society 
secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi. 
cine, Atlanta, Ga., at 8:00 PM. 

BavaRIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Dr, Robert W, Pdland, Major MC USA, 
Jnited States Army Hospital Augsburg, 21st Evacuation 
Hospital, Chief of Radiology Service, APO 178, New 
York, N. Y. Meets quarterly. 

BLOCKLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North sand St., 
Philadelphia, Pa. 

Brookiyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Peter J. Lampros, 121 Dekalb Ave,, 
Brooklyn, N. Y. Meets first Thursday of each month 
October through May. 

ไร ้ บ อ ด 4 บ ๐ RADIOLOGICAL Society 
Secretary, Dr. Eugene V. Leslie, Edward J. Beyer Me- 
morial Hosp., Buffalo 1s, N. Y. Meets second Monday 
evening each month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL Society 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Cal. Meets annually during meeting 
of California Medical Association, 

CENTRAL New York RADIOLOGICAL Society 
Secretary, Dr. Edward W. Carsky, Crouse-Irving Hospi- 
tal, 820 S. Crouse Ave., Syracuse, N. Y. Meets first 
Monday each month October through May. 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Dana R, Schmidt, 1500 West Third Ave., 
Columbus, Ohio. Meets at 6:30 p.m. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY OF NUCLEAR MEDICINE 
Secretary, Dr. Robert S, Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, lll. 

CHICAGO ROENTGEN Sociery 
Secretary, Dr. Abram H. Cannon, 250 E. Superior St., 
Chicago 11, Hl. Meets second Thursday of each month, 
October to April except December at the Pick-Congress 
Hotel at 8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10:1: Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

COLORADO RADIOLOGICAL SOCIETY 
Secretary, Dr. Seward Imes, 1845 High St, Denver, 
Colo. Meets third Friday of each month at Denver 
Athletic Club from September through May. 

Connecricut VALLEY RADIOLOGIC SocigTY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford 6, Conn. Meets first Friday in February and April. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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DALLAS-FORT WORTH RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Moreton, 816 Medical Arts 
Bldg., Fort Worth, Tex. Meets monthly, third Mon- 
day, at Greater Fort Worth International Airport at 6:30 
P.M. 

Derrorr RogNTGEN Rav anp RADIUM Sociery 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 
Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
P.M. 

Fast Bay Roentcen Society 
Secretary, Dr. Dan Tucker, 434 30th St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland, Calif. 

Easy Tennessee RADIOLOGICAL Society 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Bldg., Knoxville, Tenn. Meets in January and Sep- 
tember. 

EASTERN CONFERENCE OF RADIOLOGISTS 
Secretary, Arrangements Committee, Dr. Theodore A. 
Tristan, 3400 Spruce St., Philadelphia 4, Pa, Annual 
meeting to be announced. 

EASTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N, C. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Kirsh, 712 Du Pont Bldg., Miami, 
Fla, Meets twice annually, in the spring with the annual 
State Society Meeting and in the fall. 

FLoripa West Coasr RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 
Ga. Meets in spring and fall with Annual State Society 
Meeting. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert F. Feltman, Dade County Medical 
Association Building, Two S.E. Thirteenth St., Miam 
32, Fla. Meets monthly, third Wednesday at 8:00 P.M. 
at Jackson Memorial Hospital, Miami, Fla. 

Greater Sr. Lours Sociery or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, £16 Hampton Village Plaza, 
St. Louis 9, Mo. 

1 ไอ บ ร า อ ๐ ม RADIOLOGICAL SOCIETY 
Secretary, Dr. W, A. Goodrich, Jr., Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

ไบ 4 ส ๐ State RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

โบ ย บ แง อ ๐ 1 ร RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, lll. Meets in the spring and fall. 

INDIANA ROENTGEN Sociery, Ine. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

lowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Roger K. Wallace, Riley County Hospital, 
Manhattan, Kan. Meets in spring with State Medical 
Society and in winter on call. 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
ร ย , Louisville, Ky. Meets monthly on second Friday at 
Sheraton Hotel, Louisville. 
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Kines County RADIOLOGICAL SOCIETY 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 
Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8245 PM. 

KNoxviLLE RADIOLOGICAL Society 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Los ANGELEs RADIOLOGICAL Society 
Secretary, Dr. Chester P. Bonoff, 1930 Wilshire Blvd., 
Los Angeles 57, Cal. Meets second Wednesday of month 
in September, November, January, March and June at 
Los Angeles County Medical Association Building, Los 
Angeles. 

Marne RADIOLOGICAL Sociery 
Secretary, Dr. Charles W. Capron, Maine Medical 
Center, Portland, Me. Meets in June, September, De- 
cember and April, 

MARYLAND RADIOLOGICAL Sociery 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

MEMPHIS ROENTGEN Society 
Secretary, Dr. Irving K. Ettman, Kennedy V.A. Hos- 
pital, Departmentof Radiology, Memphis 15, Tenn. Meets 
first Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-Hupson RADIOLOGICAL Society 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 P.M., fourth Wednesday 
of each month September to May. 

MILWAUKEE ROENTGEN Ray SOCIETY 
Secretary- Treasurer, Dr. Harold F. Ibach, 2400 W. Vil- 
lard Avenue, Milwaukee 9, Wis, Meets monthly on 
fourth Monday, October through May, at University 
Club. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Frank J. Anderson, 810 E. 27th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. Fall meeting: September 13-15, 
1963, at Ruttger’s Lodge, Brainerd, Minnesota, 

Mississippi RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 p.m. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Fritts, 1224 S. Higgins Ave., 
Missoula, Montana. Meets at least once a year. 

Nassau RADIOLOGICAL Society 
Secretary, Dr. Herbert Kantor, 71 S. Oyster Bay Rd., 
Syosset, N. Y. Meets second Tuesday of the month in 
February, April, June, October and December. 

NEBRASKA STATE RADIOLOGICAL Society 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. 
Meets third Wednesday of each month at 6 P.M. in 
Omaha or Lincoln. 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 

New ENGLAND Roenrcen Ray Society 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 4:30 P.M. 

New HAMPSHIRE RogNTGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man. 
chester, N. H. Meets four to six times yearly. 

New York ROENTGEN SOCIETY 
Secretary, Dr. James J. Nickson, Memorial Hospital, New 
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York, N. Y. Meets monthly on third Monday at the New 
York Academy of Medicine at 4:30 P.M. 

Norru Carona RADIOLOGICAL SOCIETY , 
Secretary, Dr. Simmons J. Patrick, Lenoir Memorial Hos- 
pital, Kinston, N. C. Meets in the spring and fall each 
year. 

Nortu Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

NORTH FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

NonTHWESTERN (0 ส 10 RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony F. Lalli, 421 Michigan St., 
Toledo, Ohio. 

0 ส 10 Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Chapin Hawley, 927 Carew Tower, Cin- 
cinnati 2, Ohio. Annual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utica Square Medical 
Center, Tulsa, Okla. Meets in January, May and October. 

Orance Country RADIOLOGICAL SocrETY 
Secretary-Treasurer, Dr. E. Nicholas Sargent, Orange 
County General Hospital, Orange, Calif. Meets fourth 
Tuesday of month except June, July, August and De- 
cember in Orange County Medical Association Build- 
ing. 

OREGON RADIOLOGICAL SOCIETY 
Secretary, Dr. James A. Schneider, St. Vincent Hospital, 
Portland 1o, Ore. Meets monthly from October to June 
on the second Wednesday of each month at 8:00 P.M, at 
the University Club. 

ORLEANS PARISH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NORTHWEST RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Donley, 643 East 4th Street, 
Bend, Ore. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr, Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Buckhill Falls, 
May 21-23, 1964. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at © r.m., from October to May 
in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Marvin Brodie, 3459 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. Richard B. Mulvey, 2421 Auburn Ave., 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine, 

RADIOLOGICAL SOCIETY or HAWAH 
Secretary, Major Carl W. Boyer, Jr., U. S. Army Tripler 
General Hospital, Honolulu, Hawai. Meets third Mon- 
day of each month at 7:39 P.M. 

RADIOLOGICAL SOCIETY or GREATER Kansas Crrv 
Secretary, Dr. J, Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 


Society Proceedings 


AUGUST, 1963 


RADIOLOGICAL Socigrv or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society OF LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medica! Society meeting. 

RapioLocicaL Socigrv or New JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfieid, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL Sociery OF THE STATE OF New York 
Secretazy- Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 

RADIOLOGICAL Society or SOUTH DAKOTA 
Secretazy- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D, 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Charles G. Campbell, La Jolla, 
Calif. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma 
Calif. Meets second Monday every other month. 

RICHMOND Country RADIOLOGICAL SOCIETY 
Secretary, Dr. W.F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocuEsrER RogNTGEN Rav Socigrv, ROCHESTER, N. Y. 
Secretary, Dr. Gerald R. Holzwasser, Rochester General 
Hospital, Northside Division, 1425 Portland Ave, 
Rochester 21, N, Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky MOUNTAIN RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting: Denver Hilton Hotel, 
Denver, Colo., Aug. 22-24, 1963. 

San ANTONIO-MILITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio s, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:36 
P.M. 

San Dreco RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles G. Campbell, 6673 Avenida 
Manana, La Jolla, Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Coulson, San Francisco General 
Hospital, San Francisco 8, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Franasco 18, Calif. 

Secrion on RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Secrion on RADIOLOGY, Connecticut SrATE MEDICAL 
SOCIETY 
Secreiary, Dr. Wayne P. Whitcomb, Hospital of St. 
Raphael, New Haven, Conn. Meetings are held bi. 
monthly. 

Secrior on RADIOLOGY, MEDICAL Soctery or tHE Dis. 
TRICE OF COLUMBIA 
Secretary-Treasurer, Dr. Martin A. Thomas, 11:0 Con. 
necticut Ave., Washington 6, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 P.M. 

Secriog on RADIOLOGY, SOUTHERN MEDICAL ÁssOCIATION 
Secretary, Dr. Robert D. Sloan, University Medical 
Center, 2400 North State St., Jackson 6, Miss. Annual 
meeting to be announced. 

SECTION on RaproLocGvy, Texas MEDICAL Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
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tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society ror PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, Los 
Angeles 27, Calif. Annual meeting: Queen Elizabeth Hotel, 
Montreal, Que., Canada, Oct 7, 1963. 

SOCIETY or Nuc tear MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago n, Ill. 
Annual meeting to be announced. 

Sour Bay RADIOLOGICAL Sociery 
Secretary, Northern Section: Dr. John S. Wilson, 1515 
Trousdale Dr., Burlingame, Calif.: Southern Section: Dr. 
A. C. Mitchell, 728 Cass, Monterey, Calif. Meets second 
Wednesday of each month. 

SOUTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St, 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary Treasurer, Dr. Marshall Eskridge, Mobile In. 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Grand Hotel, Point Clear, Ala., Jan. 31-Feb. 2, 1964. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
phis, Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Tex. Annual 
meeting: Dallas, Tex., Jan. 31-Feb. 1, 1964. 

TRI-STATE RADIOLOGICAL Socigry 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evansville, 
Ind. 

University or Micuican DEPARTMENT oF ROENTGEN- 
OLOGY Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 PM. at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL Sociery 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Y. Card, St. Mark's Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 

VIRGINIA RADIOLOGICAL Socigrv 
Secretary, Dr. Powell G. Dillard, Jr., 715 Church Street, 
Lynchburg, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Rosenberg, 7011 38th Ave., 
N.E., Seattle 15, Wash. Meets quarterly. 

West VIRGINIA RADIOLOGICAL Society 
Secretary, Dr. Karl J. Myers, The Myers Clinic. Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward T. Bello, Westchester Academy 
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of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates, 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St, 
Green Bay, Wis. Annual meeting each spring in various 
places. 


Cuna, Mexico, Puerro Rico AND CENTRAL AMERICA 


Asociacién DE RapióLocos DE CENTRO AMERICA Y 
PanamMA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
secretary-General, Dr. Raul Arguello, sa. Ave., Norte 
No. 48, San Salvador, El Salvador. Meets annually in a 
rotating manner in the six countries. 

SociEDAD DE RapioLocía DE Ex SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala. 

SOCIEDAD DE Rapiotocía v FisiorkgAPÍA CUBANA 
Secretary, Dr. Miguel A. Garcia Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vim, 
San José, Costa Rica. 

SOCIEDAD Mexicana DE RADIOLOGIA, A. C. 

Calle del Oro No, 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACION PUERTORRIQUEÑA DE RapioLocíA 
Secretary, Dr. R. B. Diaz Bonnet, Suite £04, Professional 
Bldg., Santurce, Puerto Rico. 

SOCIEDAD RADIOLOGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SOCIEDAD RADIOLOGICA DE Puerro Rico 
Secretary, Dr. Jorge Carreras Girard, Suite £04, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


Association OF RADIOLOGISTS or THE Province or Que. 
BEC 
Secretary, Dr. R, Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets four 
times a year, 

BRITISH Insrrrure or RADIOLOGY 
Honorary. Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W, 1, England. Meets monthly from October 
until May. 

EDMONTON AND Disrricr RADIOLOGICAL SOCIETY 
Secretary, Dr. S. C. Windle, 105 Northgate Bldg., Ed. 
monton, Alberta, Canada. Meets second Monday of each 
month, October to May. 

FACULTY or RADIOLOGISTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting to be 
announced. 

FACULTY or RADIOLOGISTS, ROYAL COLLEGE or SURGEONS 
IN JRELAND 
Registrar, Dr. H. O'Flanagan, F. R.C.P.L, D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

SECTION OF RADIOLOGY or THE Roya. SOCIETY or MEDI- 
CINE (Conrineo to MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN Association or RADIOLOGISTS 
Honorary Secretary Treasurer, Dr. D. J. Sieniewicz, Asso- 
ciate Honorary Secretary Treasurer, Dr. Maurice Dufresne 
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1555 Summerhill Ave., Montreal 25, Que. Canada. 
Annual meeting to be announced. 

MONTREAL RADIOLOGICAL Srupy Crus 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SECTION or RADIOLOGY, CANADIAN MEDICAL Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N, S. 

SociÉrÉ CANADIENNE-FRANCAISE D’ELECTRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada. Meets third 
Saturday each month. 

Toronro RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Joseph's Hospitals, 
30 The Queensway, Toronto 3, Ont, Canada. Meets 
second Monday of each month September through May, 

CoLLEGE or RADIOLOGISTS OF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia, 


SOUTH AMERICA 


AsociaciOn ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Cor£cio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, Sáo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 

Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocigbAD ไร ้ อ บ เห 4 ม 4 DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SoclEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at gico p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
o4ic, Santiago, Chile, Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejia Diazgranados, Carrera 13, 
No. 25~31, Apartado aéreo No. 5804, Bogota, Colombia. 
Meets last Thursday of each month. 

SOCIEDAD Ecuaroriana DE RADIOLOGIA v FisiorERAPÍA 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 

SOCIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociación Médica Peruana "Daniel A, 
Carrión," Villalta 218, Lima. 

SOCIEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 
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5 ๐ 0 ๐ 1 ธ อ 040 DE RapioLoofA, CANCEROLOGIA v  FísicA 
MÉDICA DEL URUGUAY 
Secreiary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CORDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Cérdoba, Argentina. 

SociEDAD VENEZOLANA DE RADIOLOGIA 
Seeretary-General, Dr. Rubén Merenfeld, Apartado No, 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 


Caracas. 


CONTINENTAL EUROPE 


ÜsrERREICHIsCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 
SociérE BELGE DE RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 
Soci£rTÉ FRANÇAISE D'ErgcrRORADIOLOGIE MÉDICALE, 
and its branches: Socéré pu Sup.Ovssr, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OUEST, DE L'EST, ET D’ALGER ET D'AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 
Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 
ČESKOSLOVENSKÁ SPOLECNOST pro ROENTGENOLOGIH A 
RADIOLOGH 
Secretary, Dr. Robert Poch, Praha 12, Srobárova 50, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting, 
Dgurscug RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitáts- 
Rontgeninstitut., Lagenbeckstr. 1, Mainz, Germany. 
SOCIETA โช ล ย 1 เม ล DI RADIOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
Sociepap EspaNota DE Raprotocía v ELECTROLOGÍA 
MEDICAS y MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN {SOCIETE Suisse DE RADIOLOGIE ET 
pe MÉDECINE NUCLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


ASIA 


INDIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. E. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad Taman Tjut 
Mutiah 1, Diakarta, Indonesia. 
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Dvccvg, H. V., Mgrcuion, J. C, and Crav- 
SEN, J. Morquio-Ullrich's disease: an inborn 
error of metabolism? A.M.4. Arch. Dis. 
Child., Oct., 1962, 37, §25~-$34. (From: The 
State Institution for Mentally Retarded, 
‘Andersvoenge’, Slagelse, the University 
Clinic of Paediatrics, Rigshospitalet, and the 
University Institute of Biochemistry, Copen- 
hagen, Denmark.) 


The clinical and biochemical findings in three 
Greenlandish siblings with Morquio-Ullrich's dis- 
ease are presented. The clinical appearance and the 
roentgenologic changes are similar to the findings in 
Morquio-Brailsford's disease, but in addition the 
three siblings were severely mentally retarded and 
had an abnormal excretion of acid mucopolysac- 
charides in the urine. The parents were closely re- 
lated. The disease seems to be due to a recessively 
inherited enzymatic defect. 

The Morguio-Ullrich disease appears to be a 
transpositional form between  gargovlism and 
Morquio-Brailsford’s disease, with both clinical and 
biochemical properties intermediate between the 
two. The findings indicate that the disease repre- 
sents a familial inborn error of metabolism with 
abnormal excretion of acid mucopolysaccharides in 
the urine closely related to, but not quite identical 
with, the biochemical changes found in gargoylism. 

The developmental traits of the three siblings are 
typical of those seen in Morquio-Brailsford’s disease. 
They were dwarfed with pronounced lordosis of the 
lower back, had some protrusion of the sternum and 
short necks. The extremities are characterized by 
short proximal parts and the hands and feet are 
coarse. The features are normal Greenlandish, but 
it is remarkable that $ of 8 children in this family 
have reddish-golden hair, among them the three 
affected children. This hair color is extremely rare in 
Greenland. Pronounced mental retardation was 
present in all three siblings. 

The term Morquio-Ullrich's disease has been used 
to include all cases of Morquio's disease which de- 
velop corneal changes when adult, but otherwise this 
has the appearance of Morquio-Brailsford's disease. 
— fames F. Martin, M.D. 


MALAGON Castro, VALENTIN, (Bogotá, Co- 
lombia.) Causas de discrepancia en longitud 
de los miembros. (Causes of uneven length of 
limbs.) Rev. ortop. y traumatol, July, 1962, 
7, 109-124. 

Limbs may be of uneven length in a variety of 
conditions, which may be classified as (a) a physio- 
logic uneveness, (b) excessive growth of a limb, or 
(c) retardation in growth. 


Abstracts of Radiological Literature 


AvucGUsT, 1963 


(a) Sixty-seven per cent of normal people have 
one extremity longer than the other, the right leg 
usually being shorter than the left; this is of no 1m- 
portance if the difference in length amounts to less 
than 1 cm. in adults, or 4 mm. below 12 years of age. 

(b) Excessive growth of a limb is practically al- 
ways due to increased blood supply, which can be 
brought about by several unrelated conditions: 
arteriovenous fistula, fractures, and infections. In 
acute osteomyelitis an increase in the length of the 
affected extremity occurs in 30 per cent of the cases, 
and it is still more frequent with chronic osteo- 
myelitis. 

(c) The most disabling consequences of uneveness 
in limb length are those due to shortening of an ex- 
tremity. This occurs in some congenital malforma- 
tions (multiple exostoses and Ollier’s disease), in 
some diseases of the nervous system (especially 
poliomyelitis} and when, for any reason, the epi- 
physeal plate is damaged (infections, trauma, and 
roentgen irradiation).-—-F’. Comas, M.D. 


Teno, PauL, and PAPATHEODOROU, CHRISTOS. 
Lumbar spondylosis with compression of 
cauda equina. 4.M.4. Arch. Neurol, Feb., 
1963, 8, 221-229. (Address: Dr. Paul Teng, 
The Kaiser Foundation Hospital, 4867 Sun- 
set Boulevard, Los Angeles 27, Calif.) 


Noting that spondylosis of the cervical spine with 
compression of the nerve roots and spinal cord has 
been frequently reported while that of the lumbar 
spine with compression of the cauda equina is rarely 
mentioned, even though the incidence of the two is 
about the same, the authors reviewed 40 cases of 
lumbar spondylosis for their distinguishing clinical 
and roentgenographic findings. Apparently the 
paucity of information in the literature is the result 
of misclassification in that spondylosis of the lumbar 
spine is often interpreted as herniation of the nucleus 
pulposus. Symptomatic disk disease is approximately 
fourteen times more common than symptomatic 
lumbar spondylosis by itself. The two conditions are 
frequently associated, however, as in two-thirds of 
the cases of spondylosis at surgery the annular 
ligament was bulging. 

Lumbar spondylosis, like that of the cervical re- 
gion, may be asymptomatic, may cause nerve root 
compression at the intervertebral foramen, or may 
cause compression of the cauda equina, analogous to 
the compression of the spinal cord in the cervical 
seyments. The symptoms thus manifested may 
simulate dislocation or giant protrusion of the inter- 
vertebral disk, peripheral polyneuropathies, or tu- 
mor of the cauda equina or conus medullaris. 

On plain roentgenograms of the lumbar spine the 
hypertrophic findings of special importance are the 
osteophytic spurs extending posteriorly into the 
neural canal from the vertebral margins and the 
hypertrophic changes about the articular facettes 
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and the laminae, forming a large oval sclerotic bony 
mass which bulges into the posterolateral portion of 
the spinal canal. The myelographic defects are 
usually multiple and symmetric, and are located 
anteriorly and posterolaterallv, as compared with 
defects from hermated disks which are usually lo- 
cated laterally. Complete obstruction is more com- 
mon with spondylosis than with a herniated disk, 
with the lower end of the contrast column appearing 
“fringed,” reflecting dilated vessels and = swollen 
nerve roots. The most frequent levels of involvement 
in the spondylosis are L4-s, L3-4, L2-3, and L5.S1 
in that order, while in herniated disks the order of 
involvement is L4-5 and Ls-S1. The treatment of 
choice 1s decompressive laminectomy at the various 
levels of involvement with removal of any asso- 
ciated herniated disk material either in the canal or 
underneath a bulging annulus.-Donald M. Monson, 


M.D. 
ไร ้ บ ม ง ๐ 0 AND LYMPH SYSTEM 


Tsakiris, A., and BUHLMANN, A. The qualita- 
tive and quantitative estimation of por- 
tacaval shunts. German Med. Monthly, Dec., 
1962, 7, 405~S10. (From: Department of 
Medicine, University of Zurich, Zurich, 
Switzerland.) 


Obstruction to the flow of blood in the portal cir- 
culation, in the liver or within the portal vein, leads 
to portal hypertension. Collateral circulation. de- 
velops and a portion of the portal blood is shunted 
away from the obstruction and enters the inferior 
vena cava directly. Many of the complications of 
portal hypertension are due to the volume of blood 
flowing through the collateral veins and the pressure 
relationship between them and the portal vein. The 
qualitative and quantitative demonstration of shunts 
between the portal and systemic circulation is of 
great value in determining operability. 

Formerly the proof of existence of portacaval 
shunts was the demonstration of esophageal varices 
roentgenologically or by esophagoscopy. Recently 
splenoportography added demonstration of the 
branches of the portal veins; and while this pro- 
cedure reveals the sites and size of the collateral 
vessels, it does not indicate the amount of blood 
flowing through the collaterals, 

The authors have used 2 methods to assay porta- 
caval shunts. The demonstration of a portacaval 
shunt is based on the principle that, if a substance is 
normally, completely or almost completely elimi- 
nated or inactivated by one passage through the 
liver, none of it will reach the peripheral circulation 
when the substance is injected into the portal vein. 
Therefore, if the substance is present in the periph- 
eral circulation, it means that the liver has been 
bypassed and the amount in the peripheral circula- 
tion is proportional to the amount of blood flowing 
through the collateral veins. 
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The first method utilizes noradrenaline iniected 
into the spleen. Noradrenaline is largely oxidized in 
the liver and therefore inactivated. Cardiac cathe- 
terization is done and portal and arterial pressures 
recorded. In patients with no liver disease, nor- 
adrenaline causes no change in the arterial blood 
pressure or the pulse. In those patients with porta- 
caval shunts, the peripheral arterial pressures rise, 
thus demonstrating the presence of these shunts. By 
varying the dosage the degree of shunt can be roughly 
estimated. 

The second method provides a quantitative es- 
timation of blood flow through the portacaval col- 
lateral channels. Human albumen labelled with 


radioiodine (15!) is injected into the spleen, and the 


radioactivity in the hepatic vein and a peripheral 
artery is measured until both have reached the same 
level. The proportion of portal blood which does not 
pass through the liver is thus calculated. 

The methods are of value because they give infor- 
mation about the pathology of the liver and help in 
the preoperative assessment of patients.— Frank pA 


Rigos, M. D . 


LAMARQUE, P., Romtev, CL., Pujor, H., and 
LAMARQUE, J. L. L'apport de la cavographie 
dans le dépistage des métastases ganglionnai- 
res des cancers pelviens. (The contribution of 
cavography to the detection of lymph node 
metastases of pelvic carcinoma.) F. de radiol., 
d'électrol. et de méd. nucléaire, Nov., 1962, 
43, 689-693. (From: Centre régional anti- 
cancéreux de Montpellier, France.) 


Based on 45 cases of cavography (the pathologic 
interpretation of the first 8 cases having been verified 
by surgical findings), the authors are of the opinion 
that such roentgen studies will spare the patient an 
exploratory laparotomy in case of suspected pre- 
vertebral lymph node metastatic carcinoma. and 
rule out a hopeless surgical treatment. 

After denuding the saphenous veins, both iliac 
veins are catheterized and injected simultaneously. 
Extrinsic filling defects along the inferior vena 
cava, partial or at times complete compression of 
one iliac vein, and reflux filling of the tributaries 
immediately distal to the pressure defect are pre- 
sented (with 8 excellent cavograms) as roentgen 
diagnostic features. 

Metastases of the liver or along the portal venous 
system cannot be detected by cavography. For 
cases suspected of having such metastases they sug- 
gest splenoportography.-—Jirair N. Sarian, M.D. 


Peraccuia, G., Bossio, P., and PELLEGRINO, 
F. Vantaggi offerti dalla linfografia alla im- 
postazione della telecobaltoterapia di alcune 
neoplasie. (The advantages of lymphangiog- 
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raphy in cobalt teletherapy of certain neo- 
plasms.) Jnn. radiol. diag., 1962, 35, 343- 
368. (From: Istituto di Radiologia Medica 
and Istituto di Patologia Speciale Chirur- 
gica e Propedeutica Clinica del'Università 
degli Studi di Parma, Parma, Italy.) 


The authors believe that with the use of lymph- 
angiography, radiation therapy can be better de- 
livered to lymph bearing areas with the least expo- 
sure to vital adjoining parts. In this particular study 
Co® teletherapy was employed. 

This method was found to be very useful, es- 
pecially in cancer of the breast, to visualize the re- 
maining lymph nodes in the axilla and supraclavicu- 
lar areas. Tangential fields are used to spare the 
lungs and with proper roentgenograms fairly ac- 
curate tumor doses can be calculated and delivered 
to these areas. 

'The other malignant tumors studied and treated 
by this method were those of the testis and the 
uterus. 

The purpose of lymphangiography is to visualize 
and accurately localize the chain of lymph nodes 
draining a particular area, and using this informa- 
tion deliver a satisfactory radiation dosage to these 
areas. 

It takes approximately 24 hours after the injection 
of the lymph channels for the lymph nodes to become 
opacified. 

One advantage of this method of radiation therapy 
may be that smaller volumes of tissue can be ir- 
radiated as one can be more certain of the exact 
location of the lymph drainage.— Peter. E. Russo, 
M.D. 





GENERAL 


Koenig, ELIZABETH ULMAN, Luss, HERBERT 
A., JR., and BRANDT, Ira K. The relationship 
between congenital anomalies and auto- 
somal chromosome abnormalities. Yale F. 
Biol. & Med., Oct., 1962, 35, 189-205. (From: 
Medical Service, Veterans Administration 
Hospital, West Haven, Conn., and the De- 
partments of Internal Medicine and Pedia- 
trics, Yale University School of Medicine, 
New Haven, Conn.) 

Three distinct syndromes involving an extra 
chromosome, other than the X-chromosome, have 
been described. The clinical findings in mongolism, 
the first of the three autosomal trisomies to be dis- 
covered, are generally known. The features of the 
syndromes associated with trisomy for a chromo- 
some in the 13-15 group and 17-18 group are out- 
lined. 

Four instances of autosomal trisomy have been 
found in 1 ๐ children with multiple anomalies. Two 
new cases of trisomy 17-18 are presented; one of 
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particular mterest in that an abnormal mid-frontal 
gyrus was present and the infant was felt to have 
the Pierre Robin. syndrome, with micrognathia 
and glosseptosis. Most of the other reported cases of 
trisomy 17-18 are also compatible with this diag- 
nosis, and it seems likely that many cases termed 
Pierre Robin syndrome may have trisomy 17-18. 

It is suggested that some minimally abnormal in- 
dividuals with autosomal trisomy may have resulted 
from a gamete in which nondisjunction occurred at 
the second meiotic division following minimal 
crossing-ever. This would result in two of the three 
homologous chromosomes being identical or at 
least ideatical over much of their length. It seems 
possible that this might represent a more benign 
condition. 

The chnical usefulness of chromosome studies ts 
discussed, and the most important diagnostic fea- 
tures of the trisomic syndromes outlined. In trisomy 
17-18 these are: malformed ears, micrognathia, 
spasticity, malformed sternum, and probably poly- 
hydramnios and dorsiflexion of the hallux. In trisomy 
13-15, they are: polydactyly, capillary hemangioma, 
cleft palate and eve detect. Such anomalies as con- 
genital heart defect (particularly interventricular 
septal defect), mental deficiency and low-set ears are 
found both in the trisomic syndromes and in children 
with normal chromosomes and multiple anomalies 


and are therefore not diagnostic.— ames F. Martin, 
M.D. 


Gorin, Rogerr J., and MESKIN, LAWRENCE 
H. Congenital hemihypertrophy; review of 
the literature and report of a case with special 
emphasis on oral manifestations. 7. Pediat., 


of Oral Pathology, School of Dentistry, 
University of Minnesota, | Minneapolis, 
Minn.) 


The authors present a case of complete congenital 
hemihypertrophy. They have reviewed the literature 
which shows that at least 135 cases have been re- 
ported so far. It is pointed out that hemihyper- 
trophy may be minimal or may be complete and may 
range fram the enlargement of a single digit to en- 
largement of the entire half of the body. It was 
originally described by Meckel in 1822. Other names 
have been used to denote this condition and these 
include Curtius! syndrome, Steiner’s syndrome, 
hemigigantism, and partial gigantism. 

The wathors emphasize that the oral findings in 
this particular condition are most important. Uni- 
lateral enlargement of the teeth, tongue, and oral 
mucosa, all of which end abruptly at the mid line, 
may be a significant factor in establishing a correct 
diagnosis of congenital hemihypertrophy.-—ARichard 
E. Kinzer, M.D. 
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CHESLEDON, Wayne A. The navel shadow. 
F.4.M.A., Nov., 1962, 782, 881. (Address: 


x 
en 


306 Stimson Building, Seattle 1, Wash.) 


On the oblique films of gallbladder examinations 
the shadow of the navel is seen occasionally. It may 
project over the gallbladder. The typical umbilica- 
tion may beonly partially present and may resemble 
a stone. The recognition of this normal anatomic 
structure, therefore, is important. No previous men- 
tion of this is found in the literature. Stephen N. 
Tager, M.D. 


Tuomas, Martin A., and McDonatp, EUGENE 
J. Mammography: experience with 366 cases 
at Columbia Hospital for Women. M. Ann, 
District of Columbia, Jan., 1963, 32, 9-10. 
(From: Columbia Hospital for Women, 


Washington 7, D. C.) 


From a medium.sized but active obstetrical and 
gvnecological hospital, the authors present their 
findings in 366 consecutive mammographic studies 
made over 13 months in 1961-1962. One hundred 
seventeen of these cases were histopathologically 
studied and correlated. These showed agreement of 
the roentgenographic and biopsy reportof g1 per cent, 
which compares favorably with Egan’s figures. 

These statistics were further broken down and 
analyzed according to definitions advocated by the 
Cancer Division of the United States Public Health 
Service, viz: 

(1) Cancer Sensitivity—86 per cent; this figure 
represents the percentage of cases histopatho- 
logically diagnosed malignant that are coded as 
malignant by mammogram interpretation. 

(2) Cancer Specificity—92 per cent; this figure 
represents the percentage of cases histopatho- 
logically diagnosed nonmalignant that are coded as 
malignant by mammogram interpretation. 

The work was done with low kilovoltage tech- 
nique (28-35 kv. peak) 1,200 to 1,500 mas. un- 
filtered radiation and with industrial film. 

The authors concede the technical difficulties but 
feel that the protect is vital and should be continued 
if the salvage rate of breast carcinoma 1s to be re- 
duced.—Eugene T. McDonald, MLD. 


BucHwanp, W. Weichteildiagnostik durch 
direkte. CO.-Insufflation. (Soft tissue diag- 
nosis with CO. insufflation.) Fortschr. a. d. 
Geb. d. Rénigenstrahlen u. d. Nuklearmedizin, 
Jan., 1963, 98, 73-78. (Address: Univer- 
sitats-Institut für Klinische Strahlenkunde, 
Langenbeckstr. 1, Mainz, Germany.) 

At times it is desirable to produce roentgeno- 
graphic contrast of soft tissue changes for obtaining 
the best possible information. For this purpose 
carbon dioxide is used because it is innocuous and 
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is absorbed by the body more rapidly than other 
gaseous media. The danger of gas embolism 15 prac- 
tically nonexistent if precautions as to proper dosage 
and speed of injection are observed. 

The technique is described in detail. A long, thin- 
caliber needle is employed. Sterile rubber tubing con- 
nects the needle and a CO; gas tank with the syringe. 
A pressure-regulating valve on top of the tank con- 
trols the speed of injection and the amount of gas 
used. Local anesthesia is recommended, especially 
in tissues exposed to recent trauma. When the lesion 
is located in an extremity, tourniquets are applied 
on both sides so that the injected gas remains lo- 
calized. Ten to five hundred cubic centimeters are 
slowly injected, the amount depending on localiza- 
tions and special indications. Contraindications are 
acute inflammatory processes. 

The method offers distinct advantages in benign 
and malignant tissue tumors and in trauma to mus- 
cles, tendons and ligaments. With further refinement 
of the technique, it appears reasonable to expect 
demonstration of peripheral nerves at some future 
time, 

Illustrated are examples of the following condi- 
tions: (1) subcutaneous lipoma of a forearm, (2) 
multiple gangha of a wrist, (3) xanthoma of an ex- 
ternal malleolus, (4) sarcoma of a thigh, (5) post- 
traumatic scar in a biceps muscle and (6) infiltration 
of skin and subcutaneous tissues by a tumorous 
process.—ZErnest. Kraft, M.D. 


Bouvrain, Y. MARCHAL, M., Acar, J, 
STEPHAN, P. Nezry, R., and BoURTHO- 
MIEUX, A. (Paris, France.) Intérét de la 
radioélectrokymographie à étalonnage auto- 
matique (ou cinédensigraphie) dans le diag- 
nostic des coeurs pulmonaires chronique 
d'origine thrombo-embolique. (The value 
of radioelectrokymography with automatic 
recording [or cinedensigraphy] in the diag- 
nosis of chronic cor pulmonale of thrombo- 
embolic origin.) Presse méd., Nov. 24, 1962, 
70, 2433-2436. 

Nine cases of chronic cor pulmonale which were of 
thrombo-embolic origin were studied by roentgen- 
electrokymography; 7 of these were additionally 
evaluated by catheterization, 6 by exploration of 
pulmonary function and 4 by angiopneumography. 

In all cases electrokymography furnished objective 
evidence of pulmonary artery thrombosis in the 
affected areas by recording the loss of the pul- 
monary capillary pulse. The total innocuousness 
and simplicity of the method confer on it particular 
importance in the evaluation of this lesion.—Z rank 


A. Riebel, M.D. 





Vezina, J. L., and McRae, D. L. A simple 
method of subtraction radiography. 7. 
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Canad. A. Radiologists, Dec., 1962, 73, 123- 
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126. (From: Montreal Neurological Institute, 





Montreal, Quebec, Canada.) 


Subtraction radiography can be a valuable method 
of clarifying shadows seen in contrast studies of the 
bodv, particularly in opacification studies of the 
vascular system. As the name implies, the procedure 
takes away some of the obscuring shadows on a 
roentgenogram, z.g., bone, so that the remaining 
images such as opacifed blood vessels are more 
readily seen. If this principle is applied to cerebral 
angiography, it 1s necessary to have two roentgeno- 
grams of the skull which are identical except that one 
is a plain roentgenogram and the other is an arterio- 
gram. A diapositive is made from the plain skull 
roentgenogram and it is then exactly superimposed 
on the angiogram. A contact print is made of the 
two superimposed films and the resultant print 
shows only the image of the opacified blood vessels. 

The original description of the subtraction tech- 
nique utilized a photographic method which was 
time consuming, so the authors have devised a 
simple procedure which can be performed in any 
department of radiology. They use the light from the 
front intensifying screen of a cassette to make both 
the diapositive (or mask) and the subtraction film, 
blocking off the light from the back screen with 
opaque paper. 

Step 7. A cassette is loaded with the plain skull 
film in the center, and a sheet of opaque paper in 
the back. The face of the cassette is then exposed 
to roentgen rays, using the following factors: 36 inch 
focal film distance; 40 kvp.; no added filter; § mas. 
(10 mas, for a dark roentgenogram). The developed 
film is the diapositive or mask. 

Step 2. Superimpose the mask and the cerebral 
arteriogram, taping the two together. These are 
placed next to the front screen of a cassette, followed 
by unexposed film and a sheet of opaque paper. The 
face of the cassette is then exposed to roentgen rays 
as in Step 1 except that the mas. is increased to 20- 
40. The developed film is the subtraction roentgeno- 
gram. 
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Perfect superimposition of the mask and contrast 
study is necessary for good results. In order to have 
identical protections, the authors use a late film 
(capillary phase) of the angiogram series to make 
the diapositive. 

The authors have found the procedure useful in 
cerebral angiography when there are overlapping 
shadows of bone and contrast-filled blood vessels at 
the base of the brain. With this simple technique 
there is slight roentgen-ray fogging of the film which 
is not present when the photographic method is 


used.—7, L. Williams, M.D. 


RADIATION THERAPY 


Pucu, R. C. B. Tumours of the testis-—some 
pathological considerations. Brit. 7. Urol., 
Dec., 1962, 34, 393-406. (From: The Tes- 
ticular Tumour Panel and Registry, Depart- 
ment of Pathology, St. Peter’s, St. Paul’s, 
and St. Philp’s Hospitals and the Institute 
of Urology, London, England.) 


The Testicular Tumour Panel has carefully studied 
666 cases submitted to it over the past 45 years. The 
material was analyzed in terms of histologic type 
and prognostic factors, including histology, local 
spread, vascular invasion, lymphatic invasion, 
presence of giant cells, Leydig cell hyperplasia and 
preoperative hormone assays. 

It should be noted that their histologic classifica- 
tion differs in part from that of Dixon and Moore 
which is more commonly used in this country. 
Seminoma accounted for 40.7 per cent of the total 
number of cases and teratoma, which includes 
embryonal carcinoma, teratocarcinoma and chorio- 
carcinoma, for 35.8 per cent. Lymphoma interest- 
ingly had a $.6 per cent incidence. In 372 cases, the 2 
year survivals were for seminoma 79 per cent, tera- 
toma 31 per cent, teratoma plus seminoma $41 per 
cent and lymphoma 24 per cent. 

Of the above mentioned prognostic factors, all but 
the Levdig cell hvperplasia were associated with a 
lowered survival rate.—PAiip Rubin, M.D, 
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TECHNOLOGICAL NEEDS FOR 
REDUCTION OF PATIENT 
DOSAGE FROM DIAGNOSTIC 
RADIOLOGY 


Edited by Murray L. Janower, Massachusetts 
General Hospital, Boston, Mass. For years there 
has been continuing discussion of the medical use 
of x-rays... the size of this dose . , . and methods 
by which it can be reduced. Yet this volume is the 
first to cover for radiologists in one source mani- 
fold aspects of the problem. Presented here are 
proceedings of a two-day symposium held in Wash- 
ington, D. C., under the auspices of the Division of 
Radiological Health, United States Public Health 
Service. Twenty-four experts in the field contrib- 
uted their vast knowledge and years of experience 
to bring factual information to the scientific com- 
munity, to summarize the "state of the art" as it 
exists today, and to point out “new frontiers” and 
new horizons of research where dose reduction is 
likely to be found. 


January 1963 360 pages 


$6.75 154 illustrations 


THE FUNDAMENTALS OF X-RAY 
AND RADIUM PHYSICS 


Third Edition, Second Printing 


By Joseph Selman, University of Texas, Dallas, 
Texas. Perhaps one text in a thousand attains 
status as a “classic” in its field. When this phe- 
nomenon occurs, there develops an obligation on 
the part of both author and publisher to keep that 
book completely up to date. The new Third Print- 
ing of the Third Edition of this work is completely 
in line with rapidly changing concepts and the 
author's further experience with students, Basic 
principles of physics and chemistry are empha- 
sized and presented in the greatest possible detail. 
The simplest of terminology is employed in order 
to avoid a language barrier to the comprehension 
of these important principles. Recognizing the 
value of visual aids, the author has made free use 
of numerous line drawings, *. . . highly recom- 
mended not only to x-ray technicians but also 
to residents in radiology.” —Archives of Physi- 
cal Medicine and Rehabilitation. 
August 1962 364 pages 


$9.50 306 illustrations 


301-327 East 
Lawrence Avenue 


CHARLES C THOMAS * PUBLISHER SPRINGFIELD * ILLINOIS 


xlvii 















ละ 5 AS 
7 Afr 

P4 d OM... 
A QSA 





& 





a 


bc Md E 
_ 30 e 


BREAST CANCER will strike one of every twenty women in the United 


States. At present rates, less than half of them will be cured. 


Breast cancer is a disease of immense frustration for the physician...and is 
one of woman's deepest fears. Yet, for the individual patient, there zs hope. 
Five-year cures result in 82% of localized cases. 

Monthly breast self-examination and annual health checkups are essential in 
uncovering such cases. Essential, too, is person-to-person exchange between 
doctor and patient, to give women a chance to resolve their anxieties about 


this disease...anxieties which paralyze judgment and delay life-saving action. 


The Society’s newest film, “Breast Self-Examination." has been highly praised 
by physicians and laymen. A physician is present at each showing so that 
women may ask questions and be influenced to see their own doctors promptly 
about any breast problem. 


The Society is working intensively on the breast cancer problem, through 
research and education. Through our concerted efkorts... yours, doctor, and 
ours... we will prevail against this great enemy. 


AMERICAN CANCER SOCIETY 
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SUPPLEMENT No. 9 


THE SPECTRA OF X RAYS SCATTERED 
IN LOW ATOMIC NUMBER MATERIALS 
By W. R. Bruce, M.D., Ph.D., and H. E. Joss, Ph.D., F.R.S.C. 


The complicated effects of multiple scattering have always presented a major difficulty 
to analvsts of X-ray beams traversing matter. ‘In this Supplement the authors describe 
how the Monte Carlo method of computation may be used to allow for multiple scatter- 
ing when studving the penetration of X-ray beams. A full discussion of their combina- 
tion of analytical ‘and Monte Carlo methods is presented and much information on the 
spectra of X-ray beams in the photon energy range from 50 to 1250 ke V is provided in 
the form of graphs and tables, with the main emphasis on data for beams traversing 
water. This Supplement will interest all those concerned with the use of X rays in 
radiotherapy and in radiobiological studies. 


Price: 12s. 6d. $2.00 (One copy is allowed to each member at 7/6d—U.S.A. $1.50) 





SUPPLEMENT No, 10 
DEPTH DOSE TABLES FOR USE 
IN RADIOTHERAPY 
(containing 77 tables, three full-page and two half-page graphs ) 


The value of central axis depth dose and related data im radiotherapy was evident from 
the heavy demand made for Supplement No. 5 (1953), “Central Axis Depth Dose Data". 
When stocks of the latter were exhausted three years ago, it was decided to revise the 


original data in the light of more recent experimental work, and to extend the coverage 
to the higher energies now coming into general use. This task was undertaken by the 


Scientific Subcommittee of the Hospital Physicists’ Association. 

The new edition contains nine main sections covering electromagnetic racliations 

ranging from Grenz rays (H.V.T. 0.01 mm of Al) up to 31 MV betatron X- rays, and in- 

cluding electron 0 (2 to 30 MeV). Every effort has been made to ensure that tables 
are adequately explained as to origin, possibl e sources of error and limitations of ap- 
plicability. Where significant differences from the earlier data occur, they are discussed 
by the individual reviewers of the sections concerned. 

This Supplement provides the most comprehensive selection of central axis data in 
existence, and has been compiled by acknowledged experts in the field. 


Price: 45s. $7.50 (One copy is allowed to each member at 3Z/6d—U.S.A. $6.50) 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
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and from leading booksellers all over the world 
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Philips' New 
Clinical Image Intensifier, 
providing maximum 
Detail Perceptibility, 
is ready for your evaluation 


Now you may see and test for yourself the small- 
est, lightest, easiest-to-handle intensifier ever 
built—incorporating every feature needed in clin- 
ical procedure, together with surprisingly mod- 
erate cost. 

It provides unparalleled Detail Perceptibility, 
the “good picture" resulting from proper balance 
of brightness, contrast, detail and other control- 
lable factors; wide-angle viewing, which lets you 
receive mirror information with both eyes (bi- 
ocular viewing); optimal useful field; and ready 
adaptability to medical TV or cineradiography. 


Its remarkable maneuverability is due to its 
light weight. Moving it, you overcome only 35 
pounds inertia, much less than that of the aver- 
age high-powered X-ray tube. 

When you have tested it yourself, we think you 
will agree that this is the most practical intensi- 
fier available for clinical procedures. (For proce- 
dures requiring large fields, the larger Philips 
intensifier has become the accepted standard.) 

Please write today for an early demonstration, 
under actual operating conditions, of the versatile 
new Philips Clinical Image Intensifier. 


North American Philips Company, Inc., Medical Division, 525 West 52nd Street, New York 19, New York 


NOW BEING ASSEMBLED ...THE MOST 
POWERFUL AND VERSATILE ACCELERATOR 
EVER DESIGNED FOR PRECISION RADIOTHERAPY 
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THE MODEL LM -8-H 

360-DEGREE ROTARY 

THERAPY UNIT was developed by 
ARCO, Walnut Creek, Calif., in consultation with 
leading members of the medical profession. The 
objective: to permit the full potential of precision 
therapy techniques both now and in the future. 


The ARCO Model LM-8-R combines extreme flexi- 
bility, convenience and power through a unique 
array of features: 


[] Continuously variable rotational speed plus 2 
rpm fast rotation for quick setups. 


[ๆ 400 R/min. flattened output at 1-meter TSD. 


[ๆ Standard features allow pendulum and spin 
therapy techniques. 


F] Pushbutton energy selection of X-ray energies 
from 3 to 8 MeV. 








Œ 3 mm. or less focal spot delivers treatment 
beam with negligible penumbra and permits pre- 
cise, prepositioning radiography. 


[] Quick electron conversion for electron therapy 
from 3 to 8 MeV or electron sterilization. 


[ๆ Choice of treatment couches including isocen- 
tric mounted units with uniform, full-length 
transmission characteristics. 


[1 Eight foot minimum ceiling height requirement. 


The ARCO Model LM-8-R Rotational Therapy Unit 
is backed up and guaranteed by nearly two decades 
of High Voltage Engineering experience in super- 
voltage servicing. 


For complete information, write to our Medical 
Sales Division for Bulletin LM-8-R. 


HIGH VOLTAGE 
ENGINEERING CORPORATION 


BURLINGTON, MASSACHUSETTS 
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the Windsor 90/15 


runs circles around other X-ray tables: 


for accessibility... for versatility... for fatigue-free fluoroscopy 


. . and nothing touches the new Windsor 90-15 for sophistication. Here, at 
last, is a hydraulic tilting mechanism for smooth, gliding stops... effortless 
touch control operation . . . a perfected island design that gives unprecedented 
freedom, allows unlimited, unobstructed patient examination. 


And here in a simple, single-unit design, you have the one fluoroscopic tool 
that converts to a diagnostic aid for radiography and special procedures. A 
weight reducing overhead suspension . . . a completely removable spot film 
device and supporting tower — these make the Windsor 90-15 the one X-ray 
table to specify. The Windsor 90-15 was designed for radiologists by systems 
engineers . . . assuring the operator the freedom of function he needs, the 
professional perfection he wants. 


Keleket's companion pieces to the Windsor 90-15 represent some of the most 
advanced concepts in quality X-ray apparatus. These system-engineered com- 
ponents function together with the Windsor 90-15 as a single working unit — 
made possible by Keleket's integrated manufacturing operation. 


The X-ray Generators, the Image Intensifier Systems, and the Dynapoise Tube 
Crane — are just three of the full realm of equipment designed for precise 
dovetailing for optimum, comprehensive radiological facilities. 


For product reliability, turn to Keleket: Coast to coast, the first 
name in X-ray since 1900... complete with technical support 
assurance close at hand. For complete information, locate 
your local Keleket representative in the yellow pages, or write 
for the new Technical Data Sheet from Keleket/Tracerlab, 
your partners for progress in the life sciences. 


๒ ๕ | KELEKET 


A DIVISION OF LABORATORY FOR ELECTRONICS 





WALTHAM 54, MASSACHUSETTS 
e Medical X-ray Equipment e Nuclear Instruments 
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The FLEXRAY 250 KV 


Constant Potential 
Apparatus for Deep 
Radiation Therapy 





Provides a radiation output 
ooth in quantity, as ex- 
oressed in Half Value Layer, 
and quality, as expressed in 
'oentgens per minute, which 
zreatly exceeds the output 
jf other types of X-Ray ra- 
Jiation therapy apparatus. 


Ve will be pleased to send 
'ou an 8-page brochure giv- 
ng complete information 
ibout the FLEXRAY 250. 
Vrite us today. 








แบ ร 





The FLEXRAY tube stand and tube head mount provides extreme 
flexibility and ease in adjusting the X-Ray port to any desired angu- 
lation or position. Fine adjustments of the position and angulation 
of the port, for intra-body work, are achieved by vernier controls 
giving precise, finger-touch movement in these adjustments. 


Any type treatment table or stretcher may be used and positioned 
directly beneath the tube head (can be readily seen by observing 
the photograph of this unit). Ample height adjustment is provided 
for treatment distances of up to 80cm with the beam pointed directly 
downward. Adjustable or fixed cones are available to suit individual 
needs, 


? 995 


"Standard's" more than 30 years of experience in building Constant 
Potential Therapy Apparatus enables us to offer an installation 
which provides many years of trouble free operation at the lowest 
possible maintenance and oper rating costs. Our experience has taught 
us what should be avoided, and the proper construction to employ, 
so that maximum X-Ray tube and valve tube life can be realized. 


For those who have a limited budget to provide radiation therapy, 
the FLEXRAY 250 is the immediate answer. 


Ctamdand. X-RAY COMPANY 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 






















The CRITERION of performance and economy 


1 ELDORADO 0 


Designed for precision and convenience in fixed 
beam and multiple port techniques — at very low cost 
of purchase, operation and maintenance. 

๑ field sizes up to 33 cm x 33 cm at 80 cm SSD 

๑ comprehensive beam contro] 

* guaranteed 9000 rhm sourcehead capacity 

๑ wide choice of accessories, 

The ELDORADO 8 is one of A.E.C.L.s new gener- 
ation of cobalt units, Based on 13 years of experience, 
these units have been entirely designed since 1960 and 
meet the sophisticated requirements of the up to date 


clinic. 


For full information on the Eldorado 8 or ABC Ls 
other new units, please write: 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products Division « p O. Box 93. Ottawa+ Canada 
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COMPARISON of ISODOSE CURVES for 200 KV, COBALT and BETATRON RADIATION 


200 KV 





Centimeters 3 


— 
U^ 


200KV FSD 50cm 
HVL 1.5mm Cu 


5x7om 


ALLIS-CHALMERS 


TWENTY-FIVE MILLION VOLT 


DEAL 


You treat deep tumors with less damage to 
intervening tissue with the Allis- Chalmers 
25 Mev Betatron. As shown above, this high- 
energy, high intensity equipment, operating 
at 22 Mev, delivers 50% of dose to the surface 
— 70% of dose at almost 15 centimeters down. 
Treatment is accomplished with fewer appli- 
cations. 

Less discomfort to the patient. With a focal 
spot of only 0.2mm, there is a complete ab- 
sence of side-scattered radiation — penumbra 
is absent. Precise aiming of the beam puts the 
radiation exactly where you want it... adjoin- 
ing tissue 1S unaffected. 

You simplify treatment. Rotational therapy 
is unnecessary with the Allis-Chalmers Beta- 


XX11 


COBALT A-C BETATRON 


eh 


cS SSD80er 5x7 cm 


30-50% MORE TUMOR DOSE 
45-50%LESS ENTRANCE DOSE 


tron. You need calculate only one readily- 
delineated portal. With the highest ratio of 
tumor dose to total body dose, the Allis- 
Chalmers Betatron eliminates the need for 
complex therapy planning. 
Allis-Chalmers Betatrons have been proving 
their economy, reliability and effectiveness in 
medicine, research and industry since 1944. 
Ycu're assured dependable operation. 
EI * D 

Examine 25 Mev therapy. See your nearest 
A-C representative, or write Allis-Chalmers, 
Accelerator Department, Milwaukee 1, Wis. 


ALLIS- CHALMERS 


A-1742 


[B-DJARTERIAL CATHETERIZATION OUTFITS 


Connecting the gap between the surgeon’s hand and 
the patient’s heart are B-D Arterial Catheterization 
Outfits; skillfully engineered and formed of the finest 
materials. Each contains a thin-wall arterial needle, 
a flexible guide, radiopaque tubing in small, medium, 
or large size, and a LUER-LOK adapter. 


Instrument and equipment development by CSI il- 
lustrates a new concept in professional service. The 


resources and facilities of this special division of 
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ANGIOGRAPHIC FEATURES OF CONVEXITY SUB- 
DURAL HEMATOMAS WITH EMPHASIS ON THE 
DIFFERENTIAL DIAGNOSIS BETWEEN UNI- 
LATERAL AND BILATERAL HEMATOMAS* 


By SIDNEY W. NELSON, M.D., and ATIS K. FREIMANIS, M.D. 


COLUMBUS, OHIO 


HE main purpose of this study was to 

evaluate the validity of the differential 
diagnosis of unilateral and bilateral sub- 
dural hematomas on the basis of the posi- 
tion of the anterior cerebal arterv as seen 
in the frontal projection during conven- 
tional unilateral cerebral angiography. A 
secondary aim was to evaluate other 
angiographic findings encountered in the 
study of suspected subdural hematomas in 
the hope that a reliable approach could be 
formulated concerning the vexing problem 
of deciding when to advise angiographic 
study of the side opposite to that of the 
first angiography. 

Although the typical angiographic mani- 
festations of the unilateral subdural hema- 
toma are well known,!-151!975 the fact that 
the lesions are often bilateral leads to con- 
siderable diagnostic uncertainty when a 
conventional unilateral cerebral angiogram 
is being studied. Many believe that when 


the unilateral angiogram shows a subdural 
hematoma of associated with a contra- 
lateral shift of the anterior cerebral artery 
(Fig. 1), it is reliable indirect evidence of 
bilateral hematomas,!:3:6.7.10.11.13,17 whereas 
if there zs a shift of the anterior cerebral 
artery to the contralateral side (Fig. 2), 
it is considered evidence of a unilateral 
hematoma. However, we have learned that 
the application of this "all or none" con- 
cept often leads to error. 

[n attempting to analvze the reasons for 
error, it seemed logical to postulate that 
some unilateral hematomas of small or 
moderate size might not cause a recogniz- 
able shift of the anterior cerebral artery, 
and thus erroneously mimic a bilateral 
lesion. Converselv, if bilateral hematomas 
of different sizes were present, it seemed 
logical to expect that the largest lesion 
would cause a shift of the anterior cerebral 
artery foward the side of the smaller lesion, 


* From the Department of Radiology, The Ohio State University Health Center, Columbus, Ohio, 
Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 2-5, 1962. 
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lic. 1. Acute right subdural hematoma (white 
arrows) with anterior cerebral artery in the mid- 
line. This appearance is often indicative of a bi. 
lateral subdural hematoma, as was true in this 
case. However, if the width of the hematoma is 
I cm. or less, the absence of an associated shift of 
the cerebral artery is not conclusive evidence of a 
bilateral lesion. 


thus leading to an erroneous diagnosis of a 
unilateral lesion if angiography was per- 
formed on the side of the largest lesion. To 
make matters worse, the position of the 
anterior cerebral arterv 1s often difficult or 
impossible to measure because of tortuosity, 
poor filling, or nonfilling. These factors ex- 
plain some of the difficulties in our attempts 
to evaluate the diagnostic significance of the 
position of the anterior cerebral arterv and 
indicated a need for improving the roent- 
genologic approach to suspected subdural 
hematomas. 


DEFINITIONS 


The definitions as thev are used in this 
studv are as follows: 
SUBDURAL HEMATOMA: All subdural hematomas 
referred to are located over the parietal 
convexities of the brain, 
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Acute subdural hematoma: Less than 2 weeks 
old. 

Subacute subdural hematoma: Two to 4 weeks 
old. 

Chronic subdural hematoma: More than 4 
weeks old. (Many would classify subacute 
hematoma as chronic, and, if so, chronic 
subdural hematoma would be defined as 
beimg more than 2 weeks old.) 

Hemolateral: The side on which 
angiography is performed. 

Contralateral: The side opposite to that of the 
cerebral angiography. 

Midline structures: Angiographically dem- 
enstrated structures which are normally 
adjacent to the midline; e.g., anterior 
cerebral arterv, internal vein, 


cerebral 


cerebral 
medial surface of cerebrum and veins on 
surface thereof, etc. 

WIDTH OF THE SUBDURAL HEMATOMA: The 
measurement of the maximum distance be- 
tween the convexity parietal branches of 
tae middle cerebral artery and the inner 
table of the skull. 

Zero. per cent shift of the anterior cerebral 
artery: Anterior cerebral artery in normal 
position. 

0-5 ค 6 per cent shift of the anterior cerebral 
artery: A shift to the contralateral side 
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lic. 2. Right subdural hematoma (white arrows) 
with anterior cerebral artery displaced to contra- 
lateral side a distance (black arrow) equal to the 
thickness of the hematoma. This is the typical 


appearance of a unilateral hematoma. 
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varying from o-50 per cent of the width of 
the subdural hematoma. 

51—100 per cent shift of the anterior cerebral 
artery: A shift to the contralateral side 
varying from £1—100 per cent of the width 
of the subdural hematoma. 

> 700 per cent shift of the anterior cerebral 
artery: A shift to the contralateral side 
measuring more than the thickness of the 
subdural hematoma. 

Negative shift of the anterior cerebral artery: A 
shift toward the homolateral side. 


METHOD OF STUDY 


All available conventional unilateral 
cerebral angiograms of patients with proven 
subdural hematomas were studied. Only 
the frontal projection was evaluated be- 
cause we wanted to determine the width of 
the subdural hematoma and the position 
of the anterior cerebral arterv with relation 
to the midline. The latter relationship 
could be measured easilv 1 ท most patients 
(Fig. 3.7), but in others it was more difh- 
cult to measure because of the tortuous 
course of this vessel (Fig. 35) or because 
of rotation (Fig. 3D). The position of the 
anterior cerebral arterv was compared to 
the width of the hematoma because we 
believed that there would be a general 
similaritv of these two measurements in 
unilateral hematomas. In each patient the 
shift of the anterior cerebral artery was 
then recorded as a percentage of the great- 
est width of the homolateral subdural 
hematoma. It was arbitrarily decided to 
tabulate the position of the anterior cere- 
bral artery in 1 of § main categories; 7.e., 
the “o per cent shift,” the “o-so per cent 
shift," the “‘s1-100 per cent shift," the 
“>100 per cent shift," and the "negative 
shift." 

Only proven cases were used in this 
study, the vast majority being proven by 
multiple burr holes and/or bilateral angio- 
grams, although a few unilateral hemato- 
mas were “proven” by subsequent com- 
plete clinical recovery following unilateral 
surgery. The angiographic measurements 
were carefully correlated with the surgical 
findings in the hope that reliable conclu- 
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sions could be reached concerning the dif- 
ferential diagnosis of unilateral and bilateral 
hematomas on the basis of conventional 
unilateral cerebral angiograms. 


RESULTS OF STATISTICAL ANALYSIS 


Fifty-nine conventional cerebral angio- 
grams were studied in patients with proven 
subdural hematomas. Althovgh this is a 
small series of cases, some of the data are 


E 


cent" (Fig. 4D) and all 18 were proven to 
have onlv a unilateral hematoma on the 
injected side. In addition to the unilateral 
subdural hematoma, these patients almost 
alwavs had considerable amounts of cere- 
bral edema or intracerebral bleeding on the 
same side, thus probably accounting for the 
fact that the anterior cerebral arterv was 
displaced a distance greater than could be 
accounted for bv the hematoma alone. 
Therefore, if this extreme degree of dis- 
placement of the anterior cerebral artery 
occurs, it is almost certain evidence of a 
unilateral hematoma, and would seem to 
preclude the need for roentgenologic or 


surgical diagnostic studies on the contra- 
lateral side. 
Eighteen patients had a shift of the 


anterior cerebral artery amounting to "$1— 
100 per cent" of the thickness of the 
homolateral hematoma (Fig. 4C), and all 
18 had unilateral hematomas. However, 
according to the operative records of these 
yatients, there was relatively little evidence 
of associated cerebral edema or intracere- 
bral hemorrhage on the side of the hema- 
toma. Thus, not only do shifts of the ante- 
single homolateral subdural hematoma, 
precluding the necessity of additional 
angiographic study or trephination of the 
contralateral side, but also indicate rela- 
tively little associated trauma of the brain 
itself. 

As anticipated, the greatest difficulty in 
differential diagnosis occurred in those pa- 
tients with smaller shifts of the anterior 
cerebral artery. There were only 6 patients 
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Fic. 3. Drawings illustrating how to solve certain problems in measuring the position of the anterior cerebra! 
artery. (4) Smooth contour measurement. The displacement of the evenly stretched anterior cerebral 


difference between the measurements from the outer table o the skull and comparable points of anteriorly 
located bilaterally symmetric osseous structures; e.g., the inner or outer rims of the orbits, In D the differ- 
ence between the orbit-outer table distance on the homolaseral (right) side and that of the contralateral 
side is 12 mm. The correction therefore is 6 mm. (c), the true midline thus being located 6 mm. to the right 
of the midpoint of the biparietal line because the head is obviously rotated toward the right. The shift of 
the anterior cerebral artery (d) is then easily measured from the accurately located midline. 
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Fic. 4. Drawings showing position of the anterior cerebral artery in the 4 of the ธุ categories evaluated in our 
series. All arrows are of equal length in order to clarify the concept of relating the shift of the anterior 
cerebral artery to the maximum width of the subdural hematoma. The lesser degrees of displacements 
shown in 4 and B are notable because unilateral an 


| bilateral hematomas occurred in almost equal num- 
bers in these groups. Whenever the dis 


placement of the anterior cerebral artery was greater than so per 
cent of the width of the hematoma (C and D groups), the subdural hematomas were unilateral in 36 of 
30 cases In our series. The fifth category comprises the “negative shift" group. 
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in the “o-so per cent" group, all of these 
actually having shifts in the “26-50 per 
cent" range (Fig. 45). (The fact that there 
were no shifts in ฝ่า อ ์ “๐ -25 per cent" range 
is probably indirect evidence of the au- 
thors’ reticence to "measure" equivocal 
shifts in those patients with tortuous 
anterior cerebral arteries.) Of these 6 pa- 
tients, 3 had unilateral and 3 had bilateral 
subdural hematomas. Thus, if the contra- 
lateral shift of the anterior cerebral artery 
amounts to less than so per cent of the 
thickness of the homolateral hematoma, 
the strong possibility of a contralateral 
hematoma dictates either additional angi- 
ography on the contralateral side or bi- 
lateral trephination. 

There were 8 patients who showed defi- 
nite angiographic evidence of a homolateral 
hematoma without associated displace- 
ment of the anterior cerebral artery (lig. 
44). Although 5 of these 8 patients had 
proven bilateral hematomas, the fact that 
3 had unilateral hematomas is indeed dis- 
concerting in view of the fact that so 
many believe that this sign is diagnostic of 


A 


m -. 
is^ 


Fic. 5. (4) Right cerebral angiogram during early arterial phase shows a 
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bilateral subdural hematomas. It should be 
mentioned, however, that the 3 unilateral 
subdural hematomas all measured 1 cm. or 
less in thickness, thus predisposing either 
to no displacement of the anterior cerebral 
artery or, at most, minimal displacements 
which were impossible to recognize clearly 
if the anterior cerebral artery was tortuous. 
Thus, although homolateral subdural hema- 
tomas approximately 1 cm. or less in width 
not associated with recognizable displace- 
ment of the anterior cerebral artery may 
be unilateral, it is necessary to do angiog- 
raphy or trephination on the contralateral 
side. If the hematoma is more than 1 cm. 
in thickness, the lesion is almost certainly 
bilateral if the anterior cerebral artery is 
not displaced. 

[n 8 studies there was a "negative" 
shift of the anterior cerebral artery. Seven 
of these 8 angiograms, interestingly enough, 
showed no hematoma on the injected side 
(Fig. 2, Æ and B), although the “negative 
shift" obviously indicated a lesion of some 
type on the contralateral side. A unilateral 
subdural hematoma would be the most 





"negative shift" of the anterior 


cerebral artery (arrow). The middle cerebral artery branches are not ห ell filled vet. (B) During the late 
arterial phase the middle cerebral artery branches are well filled and show no evidence of subdural hema- 
toma. Left angiography is indicated for accurate preoperative diagnosis but was not done in this case. A 


large subdural hematoma on the left was removed. (See text and Figure 6, 


A and B for explanation as to 


why the wrong side is frequently injected in patients with subdural hematoma.) 
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[16. 6. (4 and B) Explanation of false localizing signs which lead to angiograms showing the “negative 
shift” of the anterior cerebral artery. Note how the expanding hematoma results in the displacement of the 
contralateral side of the midbrain against the contralateral incisura] margin of the tentorium cerebelli at a 
point proximal to the decussation of the cerebral pyramids. This results in homolateral symptomatology, 
which is quite unusual in cerebral neoplasms, cerebral hemorrhages, or other intracerebral diseases. It 


would be logical to assume that other extracerebr 
epidural hemorrhage, etc. would cause the false loc 


trated here in the case of subdural hematomas. 


likely cause for the false localizing signs in 
such cases, because the shift of the mid- 
brain against the contralateral margin of 
the tentorium cerebelli results in compres- 
sion of the contralateral cerebral peduncle 
cephalad to the point of decussation of the 
pyramids (Fig. 6, 4 and B). If bilateral 
hematomas were present, it is doubtful 
that this mechanical event could occur be- 
cause the midline structures usually would 
not be sufficiently displaced. It must be 
remembered, however, that when the 
"negative shift" of the anterior cerebral 
artery is seen, there is no angiographic 
proof of a contralateral hematoma unless 
the contralateral side is injected. Never- 
theless, in our study a contralateral sub- 
dural hematoma was present in all 8 
patients who had “negative shifts’. Of 
interest to us was the fact that this “negra. 
tive shift" was seen in 1 patient with a bi- 
lateral hematoma. In this case the correct 
diagnosis of bilateral hematomas was sug- 
gested on the basis of angiographic evi- 
dence of a homolateral subdural hematoma 


al masses such as meningiomas, extradural abscesses, 
alizing signs by means of the same mechanism as illus- 


in addition to the evidence of a lesion on 
the opposite side as manifested bv the 
"negative shift" of the anterior cerebral 
artery. However, it is also most prudent in 
this instance to carry out contralateral 
angiography, because the homolateral 
hematoma may have resulted from a fall 
due to a pre-existing neoplasm or other 
lesion of the contralateral side. Thus, al- 
though a "negative shift" of the anterior 
cerebral artery with or without angio- 
graphic evidence of a homolateral subdural 
hematoma is almost always due to a contra- 
lateral subdural hematoma, it is wise to 
perform contralateral cerebral angiography 
in order to arrive at a clear-cut preopera- 
tive diagnosis rather than to be satisfied 
with the inferential diagnosis of a contra- 
lateral subdural hematoma. 


FURTHER SUGGESTIONS RELATING TO THE 
ANGIOGRAPHIC STUDY OF SUBDURAL 
HEMATOMAS 


In addition to the previouslv discussed 
approach to the differential diagnosis be- 
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tween unilateral and bilateral subdural 
hematomas on the basis of unilateral 
cerebral angiograms, there are other prob- 
lems and diagnostic criteria which should 
be discussed. For instance, the previously 
suggested analytical approach to the dif- 
ferential diagnosis of unilateral and bi- 
lateral subdural hematomas is not possible 
unless the position of the depressed cere- 
bral convexitv and the position of some 
midline structure can be compared. Neither 
the convexity branches of the middle 
cerebral artery nor the anterior cerebral 
artery, however, may be well enough 
visualized to permit the aforementioned 
diagnostic approach, and in this event other 
less well known angiographic signs can be 
utilized with equal confidence. 


I. THE PROBLEM OF THE POORLY VISUALIZED 
ANTERIOR CEREBRAL ARTERY 

The anterior cerebral artery may not fill 
well for various reasons (spasm, congenital 
absence, disturbance in flow due to com- 
pression against the falx cerebri by the 
expanding lesion, etc.). When this happens, 
there are, fortunately, alternative methods 
of determining the position of other mid- 
line structures. For example, during angiog- 
raphy on a patient with a subdural hema- 
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Fic. $. Clear-cut visualization of the cortical veins 
on the surface of the cerebrum depressed by large 
chronic subdural hematoma (arrow). The veins 
on the medial aspect of the hemisphere are not 
displaced. When the hematoma is this large, the 
absence of any displacement of midline structures 
is virtual proof of bilateral subdural hematomas. 
Chronic subdural hematomas of equal size were 
found at surgery. 


toma, the compressed cerebral hemisphere 
often becomes fairly well opacified with the 
contrast medium, possibly because of the 
slowing of the circulation of the compressed 
brain. If the medial aspect of this "hemi- 
spheric stain” is of sufficient density to 
delineate the medial margin of the cerebral 
hemisphere (Fig. 7), the position of this 
margin can be accepted in lieu of that of 
the anterior cerebral artery in attempting 
to compare the shift of a midline structure 
to the thickness of the hematoma. 

If the “hemispheric stain” is not seen in 
a patient whose anterior cerebral artery 
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Fic. ^. Right chronic subdural hematoma (arrow) 
with well demonstrated “hemispheric stain” dur- 
ing late arterial-early capillary phase. The cerebral 
hemisphere is particularly well opacified in the 
arca of supply of the middle cerebral artery. There 
is less staining in the medial portion of the cerebral 
hemisphere in the area supplied by the anterior 
cerebral artery which is still faintly visualized. A 
right hematoma was evacuated. Exploration failed 
to disclose a lesion on the left side. 
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ic. 9. Diagrams showing how the anterior-posterior projection influences the configuration of the left 
internal cerebral vein (ICV) with relationship to its two largest branches (the striothalamic vein [STV] 
and the basal vein [BV] of Rosenthal). The straight anterior-posterior central ray (4) projects the strio- 
thalamic vein junction with the internal cerebral vein a2ove the junction of the basal vein of Rosenthal and 
the internal cerebral vein. However, the half axial central ray (B) projects the striothalamic vein junction 
with the internal cerebral vein Ze/o:w the junction of the basal vein, these 3 veins forming a characteristic 
“loop” which resembles the Greek letter œ. Although these venous structures are often small, poorly 
visualized and foreshortened in the frontal projection, it is surprising how often they can be recognized, and 
successfully utilized in interpretation if other midline structures are poorly seen. In C and D are shown the 
types of displacement of the internal cerebral vein which may be associated with either unilateral or bi- 
lateral subdural hematomas; 7.e., the normally located internal cerebral vein or the vein which is displaced 
0-50 per cent of the width of the subdural hematoma. In ZF and F are shown the degrees of displacement of 
the internal cerebral vein which are diagnostic of a unilateral subdural hematoma; i.e., the 51-100 per cent 
and the > 100 per cent displacements. 
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lic. 10. (4) Large left chronic subdural hematoma 
(arrow). The anterior cerebral artery is not filled, 
thus creating a problem in differential diagnosis 
between unilateral and bilateral hematomas. (B) 
The internal cerebral vein (black arrows) is filled 
and is displaced a distance greater than one-half 
the width of the subdural hematoma. There is a 
spectacular "staining" of the cerebrum adjacent to 
the hematoma and an avascular appearance of the 
area of supply of the anterior cerebral artery, 
both of which findings are commonly seen in asso- 
ciation with subdural hematomas. 


does not visualize, some of the veins on the 
medial aspect of the cerebral hemisphere 
may be visualized, thus delineating the 
position of the midline structures (Fig. 8). 
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Often the homolateral internal cerebral 
vein is visualized and it may be considered 
as a midline structure (Fig. 9, 4-F; and 
10, 7 and B). Inasmuch as these paired 
veins lie deep to the anterior cerebral 
arteries and are not subject to as much 
angular distortion as the anterior cerebral 
arteries, the measured shift of the homo- 
lateral internal cerebral vein is usually 
slightly less than the shift of the former. 
Thus, if one adds 2 mm. to the measured 
shitt of the internal cerebral vein, this 
value would probably accurately represent 
the shift of the anterior cerebral artery if 
it had visualized in that particular patient. 

When the clear-cut width of a subdural 
hematoma on the injected side cannot be 
compared to any of the aforementioned 
midline structures because of their failure 
to visualize on a conventional unilateral 
cerebral angiogram, it 1s then impossible 
to come to any rational conclusion regard- 
ing the presence or absence of a second 
hematoma or other lesion on the contra- 
lateral side. Therefore, if none of the afore- 
mentioned midline structures 1s seen, it 1s 
mandatory to perform contralateral cere- 
bral angiography, even though there is 
obvious evidence of a homolateral subdural 
hematoma (Fig. 11, 4 and B). If, after 
bilateral cerebral angiograms have been 
made, neither anterior cerebral artery 
visualizes (congenital absence), the bilateral 
angiogram will nevertheless clarify the 
diagnesis of unilateral or bilateral hema- 
tomas. 


2. THE PROBLEM OF THE POORLY VISUALIZED 
MIDDLE CEREBRAL ARTERY 


When the middle cerebral artery is so 
poorly visualized that it is not possible to 
arrive at a confident conclusion regarding 
the location of its convexity branches in 
relation to the inner table of the skull, the 
previously mentioned “hemispheric stain” 
often allows the convexity surface of the 
opacifted hemisphere to be seen clearly, 
the width of the hematoma then becoming 
obvious (Fig. ro, 4 and B). This measure- 
ment can be related to the position of the 





Vic. 11. (4) Left cerebral angiogram shows sub- 
dural hematoma (arrows), but the anterior cere- 
bral artery and midline venous structures are not 
adequately seen to allow attempt to differentiate 
between unilateral and bilateral hematomas. Right 
cerebral angiography is indicated. (B) Right 
cerebral angiogram shows no subdural hematoma. 
Note that right anterior cerebral artery does not 
visualize either, but this does not jeopardize the 
diagnosis in this case. Well visualized posterior 
cerebral artery arising directly from the internal 
carotid might be misinterpreted as the anterior 
cerebral artery. 
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anterior cerebral artery or other midline 
structures as previously discussed. The 
position of the large cortical veins (Fig. 12, 
A and 5) can also be used in measuring 
the width of the subdural hematoma in lieu 
of the middle cerebral arterv branches, or 
the “hemispheric stain." The “hemi- 
spheric stain” or the visualized cortical 
veins will almost always allow the width of 
the hematoma to be measured in spite of 
poorly visualized middle cerebral artery 
branches. 


3. ANGIOGRAPHIC METHOD OF ESTIMATING THE 
AGE OF THE HEMATOMA 

The roentgenographic differentiation be- 
tween acute and chronic subdural hemato- 
mas is an interesting exercise. InNorman's! 
excellent work on this subject, he noted 
that a definite concavity of the surface of 
the cerebrum adjacent to the hematoma 
was quite diagnostic of a chronic subdural 
hematoma (Fig. 8; 12, 4 and; and 15). 
This was in contrast to the convex surface 
of the cerebrum adjacent to the inner sur- 
face of the acute subdural hematoma (Fig. 
I, 2 and 13). Furthermore, he found that 
the chronic subdural hematomas were usu- 
ally more localized and fusiform in shape 
because of their being confined within the 
organized membrane. On the other hand 
an acute subdural hematoma was com- 
prised of clotted blood which formed a 
layer of fairly uniform thickness between 
the inner table and the normally shaped 
hemisphere, often extending into the tem- 
poral region and the middle fossa. Our 
experience is similar to Norman's, although 
we had difficulty in accurately determining 
the configuration of the cerebral cortex 
adjacent to the hematoma in cases which 
were not typically acute or chronic, 7.e., the 
subacute type of subdural hematoma (Fig. 
I4). 

One cause of difficulty in determing the 
age of the hematoma stems from our fail- 
ure to recognize that the arteries may best 
outline the peripheral narrower portion of 
a subdural hematoma, whereas the veins 
may more clearly outline the widest part 
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Fic. 12. (4) Large chronic subdural hematoma on the right. There is poor visualization of the middle cere- 
bral artery. The anterior cerebral artery lies quite close to the midline, which finding in a patient with a 
very thick hematoma is almost certain evidence of a contralateral hematoma. (B) During the venous phase 
large cortical veins clearly outline the brain surface depressed by the large subdural hematoma (arrows). In 
spite of negative trephination on the left, 2 weeks later an angiogram showed a chronic subdural hematoma 
there. (When a large hematoma such as this is accompanied by an equivocal contralateral shift of the 
anterior cerebral artery, it is almost certain evidence of a bilateral lesion.) 





Fic. 13. A right angiogram shows the appearance of 
an acute unilateral subdural hematoma (white 
arrows) with the displacement of the anterior 
cerebral artery (black arrow) equal to the width of 
the hematoma. At surgery several hundred cubic 
centimeters of liquid degenerated blood was re- 
moved. No lesion was found on the left. 


of the hematoma (Fig. 16, Æ and B). In 
several angiograms which we originally 
thought showed acute subdural hemato- 
mas, we noted after re-study that there was 
clear-cut evidence of chronicity as shown 
by a surface of the cerebrum 
which, unfortunately, was superimposed 
over the more prominent convex "acute" 
appearing portion of the cortex during the 
arterial phase (Fig. 17, Z and B). A more 
accurate estimate of the age of the hema- 
toma can probably be made if it is remem- 
bered that the thickest portion of the sub- 
dural hematoma is the portion which pro- 
duces the most pronounced concavity of 
the cerebral surface, and that this part of 
the cerebral surface may be obscured by 
superimposed vessels displaced from the 
inner table of the skull by the less concave, 
and therefore more "acute" appearing, 
peripheral portions of the hematoma. 


concave 


4. DIFFERENTIAL DIAGNOSIS BETWEEN ACUTE 
EPIDURAL HEMATOMA AND CHRONIC SUBDURAL 
HEMATOMA 

[t should be mentioned here that follow- 
ing 4n acute head injury a subdural hema- 
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toma, 1f present, is most likelv of the acute 
variety. If, however, this acute hematoma 
has a chronic appearance as manifested by 
a concavity of the adjacent cerebral cor- 
tex, then it is almost certainly an epidural 
hematoma rather than a subdural hema- 
toma. Thus, it is paradoxical that the 
angiographic appearance of an acute epi- 
dural hematoma can be similar to the ap- 
pearance of a chronic subdural hematoma. 
The former is expanding under arterial 
pressure, but is prevented from spreading 
in an even layer in the epidural space be- 
cause of the firm adherence of the dura to 
the inner table of the skull. Therefore, the 
acute epidural hematoma trving to expand 





Fic. 14. Angiographic appearance of a subacute or 
chronic subdural hematoma. Note two slight con- 
cavities (white arrows) on the surface of the cere- 
bral hemisphere indicating neomembrane forma- 
tion and expansion of the hematoma. The dis- 
placement of the anterior cerebral artery (black 
arrow) 1s identical to the thickness of the subdural 
hematoma, indicating that there is no contra- 
lateral hematoma. At surgery there was a heavy 
neomembrane, most of the hematoma consisting of 
broken-down blood of the consistency of motor oil. 
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Fic. 15. Typical appearance of a 
chronic left subdural hematoma (white arrow). 
However, shift (black arrow) of anterior cerebral 





angiographic 


artery 1s equal to only one-half the width of the 
hematoma. Unless the shift of the anterior cere- 
bral artery is greater than half the width of the 
hematoma, our studies indicate it is wise either to 
perform angiography on the other side or surgically 
explore it. In this patient bilateral surgical explora- 
tion revealed only a chronic subdural hematoma on 
the left. 


to its tightly confined pocket, indents the 
surtace of the brain much like the chronic 
subdural hematoma expanding within its 
membrane. Thus, it is wise to remember 
that the angiographic appearance of a 
chronic subdural hematoma immediately 
following an actue head injury means that 
that patient almost certainly has an acute 
epidural hematoma. 


SUMMARY 


[. An analysis of $9 unilateral cerebral 
angiograms in patients with proven ร น ไว - 
dural hematomas has resulted in the 
clarification of certain rather generally held 
concepts, which heretofore were difficult 
for the authors to apply to the individual 
patient having cerebral angiography per- 
formed for a suspected subdural hema- 
toma. The comparison of the maximum 





Fic. 16. (4) Right chronic subdural hematoma. The arterial configuration adjacent 
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to the hematoma 


(arrows) suggests it is the acute type. The displacement of the anterior cerebral artery is equal to the width 
of the hematoma. (B) Cortical veins during venous phase (black arrows) clearly show more concave ap- 
pearance of surface of hemisphere, indicating a chronic type of subdural hematoma of greater thickness 
than indicated during the arterial phase. The acute appearance seen on the arterial phase is due to over- 
lapping of arterial branches anterior to the widest part of the hematoma which is often more clearly seen on 
the venous phase. The displacement of the internal cerebral vem (white arrows) is identical to the displace- 
ment of the anterior cerebral artery and is equal to the wicth of the hematoma, thus indicating that it is not 


bilateral. 


shift of the anterior cerebral artery to the 
maximum width of the hematoma resulted 
in the formation of a few working rules 
which seem quite sound to us, although 
thev are open to question because our 
series to date is still quite small. The follow- 
ing rules are suggested when evaluating 
unilateral cerebral angiograms in patients 
suspected of having a subdural hematoma: 

1. If the maximum displacement of the 
anterior cerebral artery to the contra- 
lateral side exceeds the maximum width of 
the homolateral hematoma, the latter is 
unilateral. (This rule was 100 per cent valid 
in I8 cases in our series.) These lesions were 
usually complicated by extensive intra- 
cerebral hemorrhage and/or edema. 

2. If the maximum displacement of the 
anterior cerebral artery amounts to §I- 
roo per cent of the width of the homo- 
lateral subdural hematoma, the latter is 
unilateral. (This rule was 100 per cent valid 
in 18 cases in our series.) These lesions 


were usually not associated with extensive 
intracerebral hemorrhage and/or edema. 

5. The differential diagnosis between 
unilateral and bilateral subdural hemato- 
mas cannot be accurately made on the basis 
of the unilateral angiogram if the contra- 
lateral shift of the anterior cerebral artery 
is less than so per cent of the width of the 
homolateral hematoma. In such cases it 1s 
wise to perform angiographv or surgical 
exploration on the contralateral side. 

4. If the angiogram shows a homolateral 
subdural hematoma, 1 cm. or less in thick- 
ness, which is associated with a normallv 
located anterior cerebral artery, it does not 
necessarily indicate a bilateral lesion. 
Therefore, angiography or surgical explora- 
tion of the contralateral side should be 
performed. 

c. If the angiogram shows a homolateral 
subdural hematoma greater than 1 cm. in 
thickness which is associated with a nor- 
mall located midline anterior cerebral 
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lic. 17. (4) Left cerebral angiogram shows what appears to be an acute subdural hematoma, but note 
concavity (arrows) of cerebral surface posterior to the superimposed branches of the middle cerebral artery. 
If the widest portion of the hematoma is not tangential to the central beam, it often appears that the 
hematoma is acute and of smaller volume than it really is. (B) Late arterial phase. Angiogram clearly shows 


the arterial branches superimposed over the barely 


hematoma. 


artery, there 1s almost alwavs a subdural 
hematoma on the contralateral side. How- 
ever, since the lesion on the contralateral 
side may not be a hematoma, it is wise to 
perform angiographv on the contralateral 
side. 

6. If there is a "negative shift" to the 
injected side without evidence of a homo- 
lateral subdural hematoma, it is probably 
reliable indirect evidence of a unilateral 
hematoma on the contralateral side. How- 
ever, since a cerebral neoplasm may occa- 
sionally produce false localizing signs, it is 
advisable to perform cerebral angiography 
on the contralateral side for more accurate 
preoperative diagnosis. 

7. If there is ล "negative shift" to the 
injected side with evidence of a homolateral 
subdural hematoma, it is onlv indirect 
evidence of a subdural hematoma on the 
contralateral side. Since the contralateral 
lesion may be tumor, etc., cerebral angiog- 
raphy should be performed on the contra- 
lateral side. 

II. Additional factors in 


the angio- 


/ 


visible thickest portion (arrows) of the subdural 


graphic approach to the diagnosis of sub- 
dural hematomas should be remembered 
because they can be profitably used when 
the cerebral arteries are not well enough 
seen to permit confident conclusions to be 
drawn. The following points are of signifi- 
cance in this regard: 

t. If the anterior cerebral artery is not 
adequately visualized, the position of the 
“midline structures" can be located by 
noting the medial surface of the "stained" 
cerebral hemisphere. The “hemispheric 
stain” occurs in a high percentage of pa- 
tients with subdural hematomas and prob- 
ably indicates considerable slowing of the 
circulation through the compressed. cere- 
bral hemisphere. 

2. If the anterior cerebral artery is not 
seen and the “hemispheric stain” is not 
adequate for localizing the “midline struc- 
tures," the veins of the medial surface of 
the cerebral hemisphere will often identify 
the midline. 

3. If none of the aforementioned midline 
structures is seen, the internal cerebral vein 





460 Sidney W. 
is often clearly seen, and its position 1s 
measured with relation to the midline. It is 
a deep-lving structure which tends to be 
displaced slightly less than the anterior 
cerebral artery in any given case. There- 
fore, when attempting to equate its dis- 
placement in terms of the displacement of 
the anterior cerebral arterv, about 2 mm. 
should be added to its measured displace- 
ment. 

4. If none of the aforementioned midline 
structures Is seen in à patient with a homo- 
lateral subdural hematoma, it 1s mandatory 
to perform angiography or sur gical explora- 
tion on the contralateral side in order to 
clarify the problem of a possible second 
subdural hematoma. 

z. If the branches of the middle cerebral 
artery are not adequately visualized for 
diagnosis, the “heniiapherte stain" and 
visualized cortical veins of the parietal 
surface of the brain will allow measurement 
of the thickness of the subdural hematoma. 

6. The age of the subdural hematoma 
can be fairly well established by angiogra- 
phy, the acute subdural hematoma forming 
a layer of fairly uniform thickness between 
the inner table and the normally shaped 
hemisphere, whereas the chronic subdural 
hematoma causes a more localized concav- 
ity of the hemisphere surface adjacent to 
the hematoma. 

7. If, immediately following acute head 
trauma, a patient shows angiographic evi- 
dence of a chronic subdural hematoma, it ts 
almost certain that the lesion is an acute 
epidural hematoma rather than a chronic 
subdural hematoma. 


CONCLUSION 


A thorough study of a small series of 


conventional unilateral carotid angiograms 
in patients with proven subdural hema- 
tomas has provided useful information 
regarding the role plaved by the position of 
the anterior cerebral artery in the differen- 

tial diagnosis of unilateral and bilateral 
subdural hematomas. The subdural hema- 
toma was proven to be unilateral in all 36 
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patients in whom the anterior cerebral 
artery was shifted toward the contralateral 
side a distance equal to more than one-halt 
of the maximum width of the hematoma, 
whereas shifts amounting to less than one- 
half of the width of the hematoma were 
seen in patients having either unilateral or 
bilateral hematomas. A step-by-step diag- 
nostic approach to the angiographic study 
of patients with suspected subdural hema- 
tomas is recommended and angiographic 
criteria of the approximate age of the sub- 
dural hematomas are discussed. Our series 
is small and the authenticity of our recom- 
mended working rules cannot be finally 
tested until more data are accumulated. 


Sidney W. Nelson, M.D. 
Department of Radiology 
University Hospital 

410 West soth Avenue 
Columbus to, Ohio 
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ROENTGENOLOGIC ASPECTS OF 


By GEORGE WORTZMAN, M.D. 


TORONTO, ONTARIO, CANADA 


NTRADURAL hematoma 1s a surgical 

emergency and, while seen in only 3 per 
cent of all head injuries, is of grave conse- 
quence; the mortalitv rate of any sizable 
series treated is over 20 per cent.?? In most 
cases the clinical findings are classic, witha 
history of injury, a variable period of un- 
consciousness or confusion, then an interval 
in which the level of unconsciousness 1m- 
proves, which in turn is followed by a de- 
teriorating state of consciousness. Papillary 
changes with a falling pulse rate and a 
rising blood pressure signify increased 
intracranial pressure. In these cases, the 
correct diagnosis can readily be made on 
clinical grounds alone. 

Several unusual cases of extradural hema- 
toma have presented recently in the Neu- 
rosurgical Division of the Department of 
Surgery at the Toronto General Hospital. 
In light of the findings, a review was carried 
out of the last 100 cases of cranial extra- 
dural hematoma seen at the Toronto Gen- 
eral Hospital, covering a period dating from 
1948. In all of the 100 cases, there was a 
history of direct trauma. In 4, the injury 
was due to a gunshot wound; in the re- 
mainder, the trauma included falls, auto- 
mobile accidents, blows to the head by a 
wide varietv of agents, and swimming or 
diving accidents. Several cases presented in 
alcoholic coma or were referred from men- 
tal institutions and thus created some diag- 
nostic difficulty. 

ROENTGENOLOGIC FINDINGS 

In 33 of the cases, no roentgenologic 
examination of any type was carried out 
due to the gravity of the patient's condi- 
tion. Three of these cases died in the emer- 
gency department; the others were taken 


directlv to the operating room where the 
blood clot was evacuated. 

In the remaining 67 cases, roentgen ex- 
amination of the skull was performed. In 9 
cases, no abnormality was found. In 58 of 
the 67 cases, positive findings included a 
significant pineal gland shift, suture dias- 
tasis, and fractures of the vault and/or base 
of the skull. Unlike subdural hematomas 
which may become chronic and even cal- 
cifv, the extradural hematoma 15 an acute 
lesion which, if not relieved, will inevitably 
cause death. It is true that there have been 
occasional clinical reports of subacute or 
chronic extradural hematomas, but these 
are never seen as an incidental finding at 
autopsy. 7 In most cases, an extradural 
hematoma occurs on the side of the head 
that receives the blow and is frequently 
associated with the fracture line crossing a 
vascular groove. In 6 of the cases reviewed, 
however, the extradural hematoma was 
found on the side opposite to that in which 
the fracture was demonstrated. 

An unusual finding in 1 patient (Case 1) 
on plain roentgenograms was a small per- 
sistent collection of air within the hema- 
toma. 


ILLUSTRATIVE CASE 


Case 1. (T.G.H. E60718 1960). A 19 year old 
motorcycle policeman was admitted shortly 
after an accident. He experienced a short period 
of unconsciousness, but on admission was awake 
although drowsy and slightly disorientated. 
There was a laceration in the left parietal area 
and a tense hematoma in the left orbital area. 
There were no positive neurologic signs. For the 
next 2 days, the patient continued to complain 
of intermittent headaches; his neurologic ex- 
amination remained normal. 

Roentgen examination of the skull and facial 


* From the Department of Radiology, Toronto General Hospital, Toronto, On tario, Canada, 
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bones showed a hairline fracture of the left tem- 
poral bone; no other abnormality was evident. 
A repeat examination, 2 days later, showed a 
small collection of air situated intracranially on 
the left, just anterior to the coronal suture and 
adjacent to the vault of the skull (Fig. 1). Two 
days later the collection of air was seen to have 
assumed a different shape but had remained at 
the same site. Its persistence meant that it was 
unlikely to be in the subarachnoid space or it 
would have been absorbed nor was it in the 
ventricular system. It was felt that the brain 
had become pulped with the air bubble being 
intracerebral in location. 

Ten days after the date of injury, bilateral 
temporal burr holes were made with negative 
findings. A frontal bone flap was turned in 
order to inspect the left anterior fossa. A left 
extradural hematoma, 5 by 7 cm. in diam- 
eter, was found over the lateral aspect of the 
left frontal lobe, pushing the frontal lobe back 
and to the right. The left anterior fossa floor 
was inspected and found to be intact. No other 
abnormality was found; there was no evidence 
of infection or pyogenic gas. The air bubble 
must have been trapped in the extradural 
hematoma and entered via the left temporal 
laceration and then through the fractured tem- 
poral bone. 


Lumbar pneumoencephalograms or air 
ventriculograms were made in 5 cases and 
in each, there was shown to be a space 
occupying lesion localized peripherally. 
These cases were all somewhat atvpical in 
nature and were seen in the earlier part of 
this series and would now be investigated 
primarily by angiography. In 12 cases cere- 
bral angiography was performed and in all 
of these, an expanding intracranial lesion 
outside the brain tissue was diagnosed. The 
angiograms showed a shift of the anterior 
cerebral branches away from the side of the 
lesion; in the cases that this did not occur, a 
contralateral lesion was found. There was 
also seen a shift of the peripheral branches 
of the middle cerebral artery away from the 
inner table of the vault. Usuallv, this was 
observed in the anteroposterior views but 
occasionally oblique views were also neces- 
sary. When the extradural hematoma was 
mainly situated along the floor of the mid- 
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Case 1. A small collection of air is seen in the 


Fig. 1. 
frontal area. The arrow indicates the hair-line 
temporal fracture. Laminagraphic sagittal cuts 
showed the air to be just beneath the inner table of 
the vault. 


dle tossa, elevation of the horizontal limb of 
the middle cerebral artery was seen. Case 
11 illustrates such a lesion. 


ILLUSTRATIVE CASE 


Case 11. (T.G.H. 03-70-67 1962). A 17 year 
old male was involved in a car accident 26 hours 
before admission and remained comatose from 
the time of injury. There was a hematoma and 
edema of the right parietal occipital area. His 
pulse was 140, his blood pressure 190/100. 
There was blood and cerebrospinal fluid coming 
from his right ear; the fundi showed early bi- 
lateral papilledema. His left pupil was larger 
than his right; both reacted to light. He had a 
right sixth nerve palsy with no facial movement. 
Both lower limbs were in extensor spasm; 
plantar responses were up-going. Skull roent- 
genograms showed a wide fracture in both 
parietal occipital areas and on the right this ran 
into the petrous temporal bone and the floor of 
the middle fossa. 

Bilateral frontotemporal and parietal burr 
holes were made the same dav; the brain was 
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tight on both sides and there was a thin sub- 
dural clot on the left. A left bone flap was 
turned and pulping of the left temporal lobe was 
found and resected. 

He improved somewhat for the next 48 hours 
and then began to deteriorate. His right pupil 
became larger than the left and he began to 
have episodes of decerebrate spasm. He then 
began to have left-sided seizures with paralysis 
developing in his left arm and leg. Right carotid 
arteriograms showed displacement of the middle 
cerebral artery upwards and inwards, sugges- 
tive of an extradural hematoma (Fig. 2, 4 and 
B). 

On June sth, 1962, a right-sided bone flap was 
turned and this disclosed an extradural hema- 
toma extending over the floor of the middle 
fossa up to the superficial temporal line; this 
was 2 cm. at its thickest point and extended out 
over to the frontal and parietal lobes. Bleeding 
was noted from the middle meningeal artery 
which was coagulated. There was an extensive 
dural laceration as well as pulping of the right 
temporal lobe. The latter was resected and a 
subtemporal decompression on this side was 
performed. 


In a valuable article, Norman!’ described 
the roentgenologic differentiation between 
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the acute and chronic subdural and the 
extradural hematoma. ไท the acute sub- 
dural hematoma since the blood is chiefly 
venous in nature due to tearing of veins 
passing up to the dural sinuses, the area of 
avascularity 1s seen on angiograms ล ร an 
even laver of variable thickness over the 
cerebral convexity. With expansion of the 
subdural hematoma by osmosis through its 
membrane, a change in its configuration 
becomes evident at about the third week; 
at 4 weeks an appearance may be expected 
which is much like that seen in the acute 
extradural hematoma. In the extradural 
hematoma, there is a lentiform area of 
avascularity between the inner table of the 
vault and the brain surface caused by the 
extradural stripping of the dura off the 
vault of the skull with the dura mater con- 
fining it on its deep aspect. Bell! in 1816 and 
others since have also ascribed the stripping 
of the dura to be secondary to the impact of 
the trauma, causing a mechanical deforma- 
tion of the skull. 

Wickbom” reported displacement of the 
superior sagittal sinus away from the inner 





Fic. 2. Case m. (4) Lateral arteriogram shows anterior and superior displacement of middle cerebral 
artery branches. (B) Anteroposterior arteriogram shows displacement of the middle cerebral vessels su- 
periorly and medially (arrows). The lentiform avascularity between the displaced vessels and the inner 
table of the vault in the temporal area is indicative of an extradural hematoma. 
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table of the vault where the extradural 
hematoma lies high on the convexitv of the 
hemisphere. McKissock e£ a/.'® described 2 
similar cases and recently a case has been 
reported? with extravasation of contrast 
medium from the torn superior sagittal 
sinus. 

Jamieson" in 1922 reported the visuali- 
zation on angiograms of extravasation of 
contrast medium from the anterior branch 
of the middle meningeal artery in a case of 
extradural hematoma. Lofstrom ef al" 
described a case in which a local extravasa- 
tion of contrast medium was seen just be- 
neath the inner table of the parietal bone; 
this did not appear to be accompanied by 
significant displacement of either the mid- 
dle meningeal or the middle cerebral ves- 
sels. Vaughan”! in 1959 reported a case of 
extradural hematoma with medial displace- 
ment of the middle meningeal artery and 
also demonstrated a rupture of its posterior 
branch, 

In discussing the value of angiography in 
cases of head trauma, Leslie ef al? pre- 
sented a case of extradural hematoma with 
inward displacement of the middle menin- 
geal artery. The angiograms also demon- 
strated a double column of contrast me- 
dium creating a "tram-track appearance" 
which was stated to represent the paired 
middle meningeal veins on either side of the 
artery. These veins were demonstrated 
during the arterial phase of the angiogram, 
which suggests that they may have been 
filled directly via a middle meningeal ar- 
teriovenous fistula, or that contrast me- 
dium escaped from the ruptured artery and 
extravasated along each side of it. 

In 4 of the 12 cases in which angiography 
was performed, extravasation of the con- 
trast medium was demonstrated and these 
are presented below. In Case rm, the middle 
meningeal branches of the external carotid 
artery were displaced away from the inner 
table of the vault and extravasation of 
contrast medium occurred from three sepa- 
rate sites. The extravasation presented a 
beaded appearance in Case 1v. Due to a 
subdural hematoma on the contralateral 
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side, no shift of the anterior cerebral arterv 
occurred. In Case v the extravasation was 
seen to be from a low lying posterior branch 
of the middle meningeal artery. As in Case 
1v, no shift of the anterior cerebral artery 
was demonstrated, and, in this instance, 
proved to be due to contralateral pulping of 
the temporal lobe. 

The extravasations in these 3 cases pre- 
sented a varied appearance. In Case m, 
both a globular and a diffuse almost lami- 
nated appearance was seen, in Case Iv, 
there was an irregular linear appearance, 
and in Case v, again a discrete globular 
shape was evident. In all cases, as to be 
expected, the extravasation was noted 
along the medial aspect of the hematoma 
and adjacent to the displaced vessels and 
dura. | 

It the displacement of, or the extravasa- 
tion from, the middle meningeal arteries is 
to be seen, it must be emphasized that the 
injection of contrast medium must be into 
the common carotid rather than into the 
internal carotid artery. 


ILLUSTRATIVE CASES 


Case nr. (T.G.H. 01-94-02 1961). A 61 year 
old male was involved in a truck accident and 
was admitted the same day in an unconscious 
state. Physical examination was negative. 
Plantar responses were equivocal; other re- 
flexes were normal except for knee and abdomen 
which could not be obtained. The patient re- 
covered consciousness, but could not obey com- 
mands, was restless and spoke in a garbled 
fashion. Three days following admission right- 
sided weakness was noted which was progressive 
and was accompanied by impaired conscious- 
ness and aphasia. 

Skull roentgenograms at admission had 
shown a fracture of the left parietal bone. In 
view of his clinical course, left carotid angi- 
ography was performed and the diagnosis of 
extradural hematoma was confirmed by the 
demonstration of local displacement of vessels 
and by extravasation of contrast medium into 
the hematoma (Fig. 3 and 4). At operation, no 
definite rupture of meningeal arterial branches 
was seen at the sites indicated on the angio- 
grams although a large extradural hematoma 
was found. 
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Fic. 3. Case 111. Lateral arteriogram shows extra- 
vasation of contrast material outside the vessel 
walls at three separate sites (arrows). 


Fic. 4. Case 111. Anteroposterior arteriogram shows 
the fracture of the left parietal bone. There is dis- 
placement of the anterior cerebral vessels to the 
right of mid-line as well as displacement of the 
middle cerebral vessels away from the inner table 
of the vault. The middle meningeal arteries are 
also displaced medially (short and long arrows) 
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Fic. 4. Case 1v. Anteroposterior arteriogram shows 
no displacement of the anterior cerebral branches. 
Middle cerebral vessels are seen to be displaced 
medially. The arrows show the displacement of 
the midd e meningeal arteries off the inner table 
of the vault; the single arrow indicates the site of 


extravasation of contrast medium from another 
middle meningeal branch. 


> 


Case Iv. (T.G.H. 02-57-71 1961). A 59 year 
old man was found unconscious, having been 
struck on the left side of his head by the hoof of 
a horse. He roused to a semicomatose state; his 
right arm and leg were spastic and then became 
flaccid. He was referred from his local hospital 
to the Neurosurgical Unit of the Toronto Gen- 
eral Hospital 3 davs after the injury. 

On examination he was drowsy, but orien- 
tated as to time, place and events. The blood 
pressure was 110/70. He had a right flaccid 
paralysis. Power was normal on his left side. 
There was weakness of the left internal rectus 
muscle. The pupils were equal and reacted to 
light. Visual fields were intact. 





and the extravasation of contrast medium from 
these vessels can be identified from three separate 
sites as on the latera! view (short arrows). 
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Skull roentgenograms showed a long linear 
fracture crossing the right petrous ridge, passing 
up through the right occipital bone to the left 
lambdoid suture, then forward through the left 
parietal bone to the left coronal suture. The cal- 
cified pineal gland did not show displacement in 
any direction. Left carotid angiography was 
done on the day of admission. While no displace- 
ment of the anterior cerebral artery was dem- 
onstrated, displacement of middle cerebral and 


middle meningeal vessels plus extravasation of 


contrast medium from the tear in the vessel in- 


dicated a left extradural hematoma. The lack of 


a shift of the anterior cerebral artery was felt to 
indicate a space occupying lesion on the right 
side as well (Fig. 5,6 and 7). 

A left bone flap was turned and showed a 
large extradural hematoma on that side. Burr 
holes disclosed a subdural hematoma on the 
right side. 


Case v. (T.G.H. 02-71-87 1962). A 44 year 
old male was in a car accident 3 days prior to 
admission but was not seriously injured. The 
day of admission, he was found unconscious at 
the foot of a small flight of stairs in a pool of 
blood with his head down. On examination, 
bleeding was noted from the mouth and left ear 
with dried blood in both nares. White flecks of 
material removed from the left ear were identi- 
fed by pathology as brain tissue. The blood 





Fic. 6. Case 1v. Lateral arteriogram, arterial phase. 
The arrows identify a linear beaded appearance 
due to the extravasation of contrast medium 
which corresponds to the area shown in Figure 5. 
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capillary 
phase. The linear beaded appearance is still evident 
at this time (arrows). 


Fic. 7. Case iv. Lateral arteriogram, 


/ 


pressure was 9o, 65, pulse 65. He moved all four 
limbs in a flexor response to painful stimuli and 
would occasionally open his eves with a staring 
gaze in response to stimuli. Swallowing and 
cough reflexes were present. 

Skull roentgenograms showed a linear frac- 
ture 1 ท the left parietal area extending down in 
the left squamous area and into the base of the 
skull. The pineal gland was not shifted and no 
other fractures were evident. The mastoids 
were equally well developed and aerated. Left 
carotid angiography was carried out 4 days fol- 
lowing his admission. A diagnosis of a low tem- 
poral extradural hematoma was made in view of 
the findings of vessel displacement and extra- 
vasation of contrast medium (Fig. 8 and g). 

A left temporal bone flap was turned and an 
extradural hematoma, 2.5 cm. in thickness and 
3.5 cm. in diameter, was removed from the re- 
gion of the posterior branch of the middle 
meningeal artery. The middle meningeal artery 
was coagulated and divided. The dura was 
opened and pulping of the inferior temporal 
gyrus in the region of the tegmen tympani was 
found with a tear in the dura over this area. This 
was apparently the origin of the brain tissue 
found in the left ear. The dura and wound were 
repaired. Burr holes on the right revealed a 
thin subdural hematoma on that side as well as 
pulping of the right temporal lobe. Postopera- 
tively, the patient did well. 


Case vi. (T.G.H. 04-94-60). A 35 year old 
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Fic. 8. Case v. Lateral arteriogram shows the site of 
extravasation of contrast medium from a tear in 
the posterior branch of the middle meningeal 
artery (arrow) which is then seen to course poste- 
riorly and superiorly. The middle cerebral vessels 
are displaced superiorly. 


male was admitted to the Neurosurgical Unit 
of the Toronto General Hospital on February 
10, 1963 for investigation of attacks character- 
istic of temporal lobe seizures which began in 
August, 1962. These attacks were usually pre- 
cipitated by the ingestion of alcohol. There was 
a history of trauma in the first week of January 
1963 and skull roentgenograms taken at that 
time showed a linear fracture of the right tem- 
poral bone. 

An electroencephalogram revealed discharges 
from the lateral surface of the right temporal 
lobe which could have been epileptic in nature 
and which suggested a local lesion. 

Skull roentgenograms showed a vertically 
running linear fracture of the right temporal 
bone. À pneumoencephalogram was negative. 
Bilateral carotid arteriography revealed a 
traumatic aneurysm of a posterior branch of 
the right middle meningeal artery at a point 
exactly opposite the fracture line (Fig. 10) as 
well as a shift of the right middle cerebral 
vessels suggestive of a low temporal lobe 
lesion. 

A right temporal flap was turned and the 
aneurysm on the middle meningeal artery was 
seen where the artery crossed the fracture line. 
It was o.5 cm. in diameter, flattened between 
the dura and bone, and was palpably pulsatile. 


Fic. 9. Case v. Anteroposterior arteriogram shows 
that the anterior cerebral branches are not shifted. 
The middle cerebral vessels are medially dis- 
placed. The lowest arrow is directed at the site of 
the globular extravasation of contrast material 
from the middle meningeal artery with other 
arrows showing the pronounced medial displace- 
ment of this vessel. 


It appeared to consist of a tiny, old partially 
organized blood clot with the aneurysmal cavity 
contained within it. There was no other extra- 
dural clot of significance. The dura was opened 
so that the temporal lobe exploration could be 
carried out. In spite of the clinical and roent- 
genologic evidence of a temporal lobe mass, no 
definite abnormality was encountered. 

The removed small aneurysmal sac was re- 
ported “as consisting of elongated fibroblasts 
forming a membranous wall with relatively high 
collagen content, suggesting that it had been 
present for several months. Organizing throm- 
bus was attached to the inner surface; no rem- 
nant of vessel wall was identified which sug- 
gested that either the vessel wall had been com- 
pletely disrupted, or that, what remained of it, 
had not been removed. 

Comment. The head injury in this case pre- 
dated the operation by 7 weeks and is the only 
episode of trauma known. With the injury, 
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there was a fracture of the right temporal bone 
and a rupture of the right middle meningeal 
artery with the formation of a false aneurysm. 
Only minute extradural bleeding occurred. The 
patient's course indicates temporal lobe dam- 
age resulting in temporal lobe epilepsy. Opera- 
tion has shown no gross space occupying lesion 
to be present. 

Recently Cronqvist and. Kohler* described 
25 cases of extradural hematomas in which 
carotid angiography was done. In 5 cases, the 


meningeal vessels were displaced from the skull 
with extravasation of contrast medium from the 
torn meningeal artery present in I case. 


DISCUSSION 


In the average case, an extradural hema- 
toma is a surgical emergency with the his- 
tory of head injury, the clinical signs and 
the patient’s rapidly deteriorating condition 
making unnecessary any investigative pro- 
cedure. This classic picture is not always 
evident and was found in only 40 per cent 
in one series.? Wood-]ones?* stressed that 
the vascular grooves on the inner table of 
the parietal bone are formed chiefly by the 
intradural venous sinuses accompanving 
the middle meningeal artery and not by the 
artery alone. Bleeding in the extradural 
hematoma may be predominantly or solely 
venous in nature and these are the cases in 
which the hematoma may develop slowly 
with the time between injury and opera- 
tion ranging up to 22 days.?? At operation, 
no single bleeding point may be found and 
only a generalized ooze from the dural 
surface mav be seen. 

In the present series, the bleeding point 
was identified at operation in 30 cases as 
being from the middle meningeal artery 
and/or vein and, in some, from multiple 
sites as, for example, at the foramen spi- 
nosum and also at a point opposite the 
temporal parietal fracture. Bleeding was 
also observed to originate from parasagittal 
veins, arachnoid granulations, a vein along 
the lesser wing of the sphenoid and the 
transverse sinus. In this latter case, the 
hematoma was found both above and be- 


* Cronavist, S., and KOoHLER, R. Angiography in epidural 
haematomas. Acta radiol., 1963, n.s. 7, 42-52. 
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Fic. 10. Case vr. Late arterial phase. The traumatic 
aneurysm of a posterior branch of the right middle 
meningeal artery is seen to be exactly opposite the 
vertically running fracture line (arrows). The 
anteroposterior arteriogram did not show any 
evidence of displacement of middle meningeal or 
middle cerebral vessels away from the inner table 
of the vault. 


low the occipital lobe. In 3 cases the extra- 
dural hematoma was confined to the ante- 
rior fossa. Angiography was not performed 
in any of these 3 nor was the bleeding point 
identifiable at operation. The bleeding in 
anterior fossa hematomas is believed to be 
trom the anterior ethmoidal artery from 
which there is a branch to the dura of the 
anterior fossa.’ While anteroposterior and 
oblique projections are the most important 
for recognizing a middle fossa hematoma, 
the lateral view is the more important in an 
anterior fossa lesion since posterior dis- 
placement of vessels may be recognized.” 
No case of isolated posterior fossa involve- 
ment was seen in this series. 

Cerebral angiography has been used 
much more frequently at most centers in 
the last decade and has been acknowledged 
as a valuable investigative procedure in all 
cases of head trauma. Angiography is of 
little risk, can be accomplished quickly and 
will show both the anatomic site and in 
many cases the pathologic nature of the 
lesion. 
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Lohr in 1936 reported on the use of 
angiography in 36 cases of head injury and 
since then many papers have appeared in 
the literature. Wickbom” in 1949 recom- 
mended angiography as almost routine 
practice in cases of head trauma both as a 
diagnostic aid and also to reduce the num- 


ani? and Campbell and Campbell? have 
made similar recommendations and con- 
sider angiography a sate procedure even in 
the gravely ill patient. Leger ef al} have 
reported 215 cases of head injury with posi- 
tive angiographic findings in 108 and felt 
that a significant group of patients were 
saved from what had seemed to be war- 
ranted surgical exploration prior to the 
angiography. In another series," so per 
cent of exploratory burr holes done for 
suspected subdural hematomas showed 
negative findings prior to the use of angiog- 
raphy. Hancock? has performed angiogra- 
phy in 34 cases of extradural hematomas, 
and'in each the effusion was localized ex- 
actly. He stated that the hematoma would 
not have been located by conventional burr 
holes in 6 of these cases. In $ cases, the 
extradural hematoma was confined to the 
floor of the middle fossa and in the sixth, to 
the frontal area. Extradural hematomas 
can be missed bv conventionallv situated 
burr holes if the hematoma is of relatively 
small size or in an unusual location as in the 
first 2 cases reported above. The hazard of 
missing a lesion such as an extradural hema- 
toma must be considered to exceed the 
relatively minor risk accompanying angiog- 
raphy for a burr hole as little as 1 to 2 cm. 
away from a hematoma may show no indi- 
cation of its presence. Mckissock ef a/.? 
feel that the onlv sure wav of excluding a 
hematoma, not revealed by exploratory 
burr holes in the patient about whom one 
remains uncertain, Is to resort to carotid 
angiography or to ventriculography, usu- 
ally the latter in their hands. 

As well as localizing the extradural hema- 
toma, cerebral angiography can be relied 
upon to denronstrate other lesions that may 
be present, such as subdural hematomas, 
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intracerebral clots, cerebral disruptions and 
arteriovenous fistulas. Of the 12 cases in 
which angiography was performed, 6 had 
other lesions. This was demonstrated in all 
but 1 case in which unilateral angiography 
was done. In the sixth case a small contra- 
lateral esion was not appreciated until 
disclosed by a temporal burr hole. If a con- 
tralateral lesion is sizable, its presence can 
be inferred as in Cases 1v and v even on 
unilateral angiograms as there will be no 
displacement of anterior cerebral vessels in 
spite of evidence of a space occupving intra- 
cranial lesion on the side examined. 

In 3 of the cases described above and in 
35 of the 100 cases reviewed, other lesions, 
often multiple in nature, were present as 
well as the extradural hematoma. There 
were § bilateral extradural hematomas, 12 
ipsilateral and 10 contralateral subdural 
hematomas, 3 cases with bilateral subdural 
hematomas, 1 case with a carotid cavernous 
fistula and 1 case with a frontal astrocy- 
toma. In 1g cases there were temporal or 
frontal lobe lacerations. Bilateral lesions 
were present in 20 of the 100 cases. 


CONCLUSIONS 


Roentgenologic investigations may be of 
considerable value in cases of head trauma 
including cases of extradural hematoma. 
The use of angiography, in particular, is to 
be recommended as it is of little risk, can 
allow accurate visualization of the site of 
the lesion and also in many cases indicate 
the exact pathologic process. 


SUMMARY 


One hundred cases of extradural hema- 
toma were reviewed as to their roentgeno- 
logic findings. Six unusual cases are pre- 
sented in detail. In 4 of 12 cases in which 
angiography was done, displacement of the 
middle meningeal artery and extravasation 
of contrast medium from the displaced 
vessels were demonstrated; these findings 
are pathognomonic of an extradural hema- 
toma. 

In 35 of the 100 cases, other lesions sec- 
ondary to the trauma were present as well 
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as the extradural hematoma, these lesions 
being frequentlv contralateral in location. 
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N STANDARD anatomic textbooks two 

svlvian or middle cerebral veins, a super- 
ficial and a deep, are described. The super- 
ficial ร ง ไง เลท vein is rather clearly de- 
scribed. The numerous variations and the 
drainage of this vessel are usuallv not de- 
lineated in detail though often well seen on 
serial carotid angiograms." On the other 
hand, the deep svlvian or deep middle 
cerebral vein is not clearlv described or 
illustrated. Moreover, the available descrip- 
tions correspond incompletely with the 
veins evident in this area during the course 
of angiography. As a result, it was thought 
desirable to complement the anatomic de- 
scriptions with angiographic observations. 

According to Poirier and Charpy,? "the 
deep svlvian vein (vein of the insula, 
Hédon), sometimes double in its superior 
portion, occupies the bottom of the svlvian 
fissure with the middle cerebral artery and 
receives numerous branches from the insula 
and the marginal gvri. It also receives sev- 
eral veins from the perforated space. It 
terminates in the superficial o vein 
and via this vessel in. the sphenoparietal 
sinus but more commonly in the basal 
vein. The deep sylvian vein is the most im- 
portant of the tributaries of the basal vein 
and seems to continue directly into this 
vessel." The basal vein is said to be formed 
in the sylvian vallecula cistern bv the 
union of the deep middle cerebral vein and 
the anterior cerebral and inferior striate 
veins. The exact means of communication 
of these veins with each other or of the 
deep sylvian vein with the superficial 
sylvian vein is not described. 

As a result of angiographic studies, it is 
now possible to delineate in greater detail 
the insula and deep middle cerebral venous 


drainage svstems. Intormation of this tvpe 
is essential in the interpretation of the ven- 


ous phases of carotid angiography. The 
description of these veins, however, re- 


quires an understanding of the anatomv 
of the island of Reil, the svlvian vallecula 
cistern and the svlvian fissure (Fig. 1, 2 and 

3). The conventional descriptions of these 
structures are inadequate for this purpose. 

The island of Reil can be observed only 

by separating the portions of the frontal, 
parietal and temporal lobes which cover it 
(Fig. 1). These portions include the orbital, 
frontal, trontoparietal and temporal oper- 
cula? as well as the temporal pole in front 
of the stem of the svlvian fissure. When ex- 
posed in this fashion, theisland is evident as 
a roughly triangular pyramidal projection 
with an anterior face or surface and 2 pos- 
terolateral surfaces, one superior and one 
inferior. The anterior surface is covered by 
the orbital and frontal opercula, the 
superior surface by the frontoparietal oper- 
culum, and the inferior surface bv the 
temporal operculum. The most prominent 
and convex portion of the island continues 
posteriorlv into the blunt lateral "edge" 
between the superior and inferior faces. 
This lateral "edge" fits into the depths of 
the posterior ramus of the svlvian fissure. 
A constant sulcus, 4 or 5 mm. deep, ex- 
tends upward and backward across the 
island, in the general line of the rolandic 
sulcus on the surface of the brain. This 
sulcus running obliquelv across the island 
is designated as the central or principal 
sulcus. [t serves to divide the island into a 
larger anterior portion or anterior insula 
and a smaller posterior part or posterior 
insula.* The posterior part consists usually 
of one long gvrus bifurcated posteriorly. As 





* Prom the Department of Radiology, The Mount Sinai Hospital, New York, New York. 
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Fic. r. Diagrammatic anatomic representation of the 
insula. The opercula have been separated and dis- 
placed and portions of the temporal lobe excised. 
Four insula veins are shown, one in the posterior 
limiting sulcus (PLS), one in the central sulcus 
(CS), a third in the precentral sulcus (PrS) and a 
fourth in the anterior limiting sulcus (ALS). The 
superior limiting sulcus of the island (SLS) as it 
extends backward from the anterior limiting sulcus 
is drawn in somewhat exaggerated fashion. The 
(posterior) transverse temporal gyri (H) run 
deeply into the retroinsular space. Small venous 
tributaries from this space join the vein in the 
posterior limiting sulcus. The apex (A) is the most 
convex or prominent portion of the island. The 
lower portion of the anterior part of the insula is 
the pole (P) which extends downward and medially 
to form the superior wall of the stem of the sylvian 
fissure. The insula veins unite with each other to 
form a common stem which runs underneath the 
limen insula to the vallecula. The transverse gyrus 
(TG) extends from the anterior deep margin of the 
pole to the posterior orbital lobule (POL). This 
lobule is made up of the medial portion of the 
posterior orbital gyrus (POG) and the medial 
orbital gyrus (MOG). A vein (MOV) in the medial 
orbital sulcus extends backward and then around 
the postorbital lobule to enter the sylvian vallecula 
and join the common stem of the insula veins. The 
anterior horizontal ramus of the sylvian fissure 
(AH) is indicated as arising from the lower portion 
of the anterior limiting sulcus and the anterior 
vertical ramus of this fissure (AV) from the upper 
part. An additional accessory branch of the sylvian 
fissure (AR), often present, is shown extending 
through the posterior orbital gyrus. 


this gyrus is traced downward and forward 
it is evident that it does not reach the base 
of the brain but joins the deep superior 
aspect of the temporal pole about 3 cm. 
behind the tip of the temporal pole. How- 
ever, the central sulcus, located immedi- 
ately anterior to the long gyrus, can be 
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traced to the base ot the brain. The anterior 
insula is usually composed of three short 
gyri separated by short sulci. The most 
prominent of these short sulci is located 
immediately behind the first and largest of 
the short gyri. This sulcus has been re- 
ferred to as the precentral sulcus of the 
insula.2’ The short gyri have a radiating 
pattern, converge and fuse with each other 
in the region of the apex of the insula. As a 
result, the portion of the insula below the 
apex, derived exclusively from the anterior 
insula, has a smooth surface and is desig- 
nated the "pole" of the insula. While the 
"pole" of the insula is usually included in 
the "apex," it is useful to distinguish these 
parts because of their different locations 
and relationships. The “pole” extends in- 
feriorly and medially to reach the base of 
the brain (Fig. 2). At this site, it is joined to 
the deep aspect of the posterior orbital 
gyrus of the frontal lobe bv a short connect- 
ing gvrus, the transverse gyrus of Eber- 
staller.^* Similar anastomotic gyri more 
superiorly located may connect the anterior 
aspect of the island and adjacent portions 
of the frontal and orbital opercula. The 
"base" of the pyramid forming the island 
is directly continuous with the white mat- 
ter of the frontal and parietal lobes. It is 
surrounded by a deep sulcus called the 
limiting sulcus of the island. Although this 
sulcus is sometimes referred to as the 
"circular sulcus," it is more triangular than 
circular corresponding to the pyramidal 
configuration of the island. It is therefore 
convenient to divide the limiting sulcus into 
three different portions (Fig. 1 and 2). The 
anterior portion runs in a vertical direction 
and continues downward and medially in 
front of the pole of the insula to the base of 
the brain. The superior part of the limiting 
sulcus extends from the upper end of the 
anterior portion back to the retroinsular 
space. The posterior or inferior portion of 
the limiting sulcus lies behind and below 
the long gyrus or posterior insula. The 
posterior limiting sulcus can be exposed 
only when the temporal operculum is pulled 
completely downward. 
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Fic. 2. Diagrammatic anatomic representation of the 
basal surface of the brain. On the right side of the 
brain, the lines of attachment of the “fronto- 
temporal” arachnoid reflection are indicated by 
two lines of crosses. A shaded channel seen through 
the temporal pole is the stem of the sylvian fissure 
(SF). Laterally, this reaches the surface of the 
brain in the superficial border of the posterior 
ramus (PR) of the sylvian fissure. Medially, the 
stem of the sylvian fissure rather abruptly widens 
into the sylvian vallecula (SV). The junction be- 
tween these two spaces is the limen opening 
(LO). A projection of the island is indicated in 
dotted fashion with the anterior limiting sulcus 
(ALS) anteriorly, the posterior limiting sulcus 
(PLS) medially and the elongated apex (A) 
laterally. On the left side of the brain, the temporal 
pole has been excised exposing the cavity of the 
temporal horn (V) and the amygdaloid nucleus 
(Am N). Four insula veins (1, 2, 3, 4) are indicated 
as in Figure 1. The vein of the anterior limiting 
sulcus (4) extends backward over the transverse 
gyrus (TG) before joining the other insula veins 
below the pole (P). The common stem runs trans- 
versely beneath the limen insula (L) into the 
vallecula. This transverse venous stem may be 
designated as the basal portion of the deep middle 
cerebral vein (DMCV). As this trunk extends 
medially, it is joined by the inferior striate veins 
(ISV) from the anterior perforated space and by 
tributaries from the medial orbital sulcus (the 
medial orbital vein, MOV), the olfactory sulcus 
(olfactory vein, OV), and the interhemispheric 
fissure (anterior cerebral vein, ACV). The anterior 
cerebral veins communicate with each other via an 
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The three parts of the limiting sulcus 
surround the island of Reil completely ex- 
cept at its anterior inferior end correspond- 
ing to the pole of the insula at the base of 
the brain (Fig. 2). At this site, the anterior 
limiting sulcus is separated from the central 
sulcus by a gap of about 1 cm. occupied by 
the pole of the insula. In this region, the 
insula becomes continuous with the anterior 
perforated space medially, the frontal 
lobe anteriorly and the temporal lobe 
posteriorly. The pole of the insula and the 
adjacent overlapping portions of the frontal 
and temporal lobes form a short transverse, 
horizontal tunnel or channel designated as 
the stem of the sylvian fissure (Fig. 2 and 
3). This channel opens medially into a 
larger space, the sylvian vallecula. In the 
superior aspect of this tunnel at the junc- 
tion of the sylvian fissure and vallecula, 
there is an arched ridge of variable promi- 
nence extending from the temporal pole to 
the orbital surface of the frontal lobe. More 
specitically, this ridge runs from the an- 
terior end of the long gvrus where it fuses 








anterior communicating vein. The posterior com- 
municating vein (PCV) drains small channels from 
the deep portion of the peduncular fossa and runs 
laterally as the peduncular vein (PV) in front of 
the cerebral peduncle (Ped) to join the most 
medial point of the basal vein. A vein (inferior 
ventricular vein, IVV) entering the basal vein from 
the temporal horn is also indicated. The fronto- 
parietal operculum (FPO), the frontal operculum 
or pars triangularis (FO) and the orbital operculum 
(OO) are shown, the anterior vertical ramus (AV) 
and the anterior horizontal ramus (AH) forming 
the boundaries of the frontal operculum. In addi- 
tion, an accessory ramus (AR) of the sylvian 
fissure is indicated as arising from the inferior end 
of the anterior limiting sulcus and cutting through 
the middle of the posterior orbital gyrus (POG). 
The medial portion of the posterior orbital gyrus 
and the adjacent portion of the medial orbital 
gyrus (MOG) form a triangular projection, the 
pestorbital lobule (POL). This lobule is separated 
from the vallecula by the “primary fissure" (PF). 
The fissure runs upward for a centimeter or more, 
forming the anterior wall of the vallecula. The 
straight gyrus (GR), the olfactory bulb (OB), and 
the olfactory trigone (OT) are also labeled. 





lic. 3. Diagrammatic anatomic representation of the 
anterior aspect of the brain. On the right side, 
retractor blades inserted into the cleft between the 
frontal and temporal lobes are indicated as dis- 
placing the orbital surface of the frontal lobe up- 
ward and the superior aspect of the temporal pole 
(TP) downward. This maneuver exposes in the 
depths of the cleft the stem of the sylvian fissure. 
There is a continuous channel which arises laterally 
in the posterior ramus of the sylvian fissure, con- 
tinues under the pole (P, P) of the insula and ex- 
tends medially below the limen insula (L, L) to 
widen into the vallecula cistern. The transverse 
trunk formed in the basal portion of this channel, 
that is, in the stem of the svlvian fissure, is 
designated as the deep middle cerebral vein 
(DMCV). This trunk is formed by union of the 
insula veins including the vein of the anterior 
limiting sulcus (ALV). The inferior striate veins 
(ISV) join this common trunk a short distance 
lateral to the beginning of the basal vein (BV). 
The anterior cerebral vein (ACV), the olfactory 
vein (OV) and the medial orbital vein (MOV) 
enter the vallecula and join each other and the 
deep middle cerebral vein in a variety of ways. The 
peduncular vein (PV) crossing the upper portion 
of the cerebral peduncle joins the beginning of the 
basal vein. 

On the left side, the position of the island is 
shown diagrammatically. The lines of attachment 
of the ‘“‘frontotemporal” arachnoid reflection are 
indicated by two lines of crosses. The superficial 
sylvian vein (SSV) runs in the superficial border of 
the posterior ramus of the sylvian fissure down- 
ward and medially over the superior aspect of the 
temporal pole along the arachnoid attachment. In 


The Deep Venous Drainage Svstem 


475 


with the temporal pole to the middle of the 
posterior orbital gvrus. This ridge is called 
the limen insula or the falciform fold!’ and 
is said to be composed of fibers of the unci- 
nate fasciculus covered by a thin laver of 
gray matter.’ The term “limen insula” was 
introduced to indicate that it serves as a 
threshold between the vallecula mediallv 
and the sylvian fissure and the island of Reil 
laterally. The limen insula is frequently 
difficult to identity as a discrete structure. 
In practice, it is more convenient to havea 
designation for the hole or the opening be- 
low the limen between the sylvian fissure 
and the vallecula—the "limen opening" 
(Fig. 2). Through this opening, the middle 
cerebral artery passes laterally to the sur- 
face of the insula and the insula veins pass 
mediallv into the vallecula. 

The description of the stem of the sylvian 
fissure as given above is incomplete because 
the nature of the anterior wall of the stem 
of the svlvian fissure and the floor of the 
sylvian vallecula are not clearly stated. 
This is also true of conventional anatomic 
descriptions based on examinations of the 
brain with the arachnoid removed. With 
the arachnoid intact, it is evident that the 
tip of the temporal pole which extends be- 
low the lesser wing of the sphenoid shows 





this course, the vein perforates the arachnoid and 
becomes the sphenoparietal sinus (SPS). Three 
insula veins (1, 2, 3) are shown behind the apex 
(A) of the insula. The vein in the anterior limiting 
sulcus (4), located more medially than the others, 
runs downward over the transverse gyrus (TG) to 
join the common stem formed by the union of the 
other insula veins. In contrast to the method of 
venous drainage shown on the right side of the 
brain, an alternative equally common arrange- 
ment is indicated on the left. The trunk formed by 
the union of the insula veins does not continue 
medially to the anterior perforated space. Instead, 
it runs downward and forward as a common ver- 
tical trunk (CVT) to enter the sphenoparietal 
sinus. The uncal vein (UV) is also shown on this 
side as it lies in the "temporal incisura”? between 
the uncus and the temporal pole. This vein drains 
adjacent areas and may receive striate, orbital and 
insula tributaries before entering the spheno- 
parietal or cavernous sinuses. 


476 Bernard S 
no significant continuous subarachnoid 
space, that is, the arachnoid is closely ad- 
herent to the pia and the brain. As the tip 
of the temporal pole is displaced downward 
to expose the stem of the sylvian fissure 
(Fig. 3), the arachnoid is seen to separate 
as a continuous membrane from the supe- 
rior surface of the temporal pole to be re- 
flected upward to the posterior margin of 
the orbital surface of the frontal lobe. It is 
this reflection of the arachnoid which closes 
the anterior wall of the stem of the sylvian 
fissure and confines the cerebrospinal 
fluid—and injected gas during encephalog- 
raphv—to a narrow channel. With the 
brain 7n situ, this ' frontotemporal" arach- 
noid reflection is located behind and parallel 
to the lesser wing of the sphenoid bone. 
Laterallv, it is continuous with the arach- 
noid which bridges the surface of the pos- 
terior ramus of the sylvian fissure. As it ex- 
tends medially and posteriorly, the arach- 
noid reflection is continuous with the 
arachnoid membrane which extends from 


the medial aspect of the temporal lobe of 


one side to the other at the base of the 
brain. It is this central portion of the 


arachnoid reflection which forms the floor 
of the sylvian vallecula. When this portion 
of the arachnoid is completely removed, a 
deep mid-line cavity or space is exposed 
between the temporal lobes laterally, the 
orbital portions of the frontal lobes an- 
teriorlv, and the cerebral peduncles pos- 
teriorlv. In. contrast to the stem of the 
svlvian fissure, no operculum need be dis- 
placed to expose this space. The posterior 
portion of this cavitv consists of the central 
unpaired region behind the optic chiasm 
and between the optic tracts called the 
peduncular fossa. The paired anterior and 
lateral portions of this space are designated 
on each side the sylvian vallecula.??/9 The 
term svlvian vallecula is not in common use 
in the roentgen literature in which 1t seems 
to have been replaced by the "lateral wings 
of the chiasmatic cistern.” Since 
wings have not been clearly defined, 

appears preferable to use the anatomic term 
svlvian vallecula for this space. However, 
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the sv/ian vallecula should not be con- 
fused with the cerebellar vallecula in. the 


posterior fossa between the cerebellar 
tonsils. The sylvian vallecula or sylvian 


vallecula cistern extends to the mid-line 
where it Joins the vallecula of the opposite 
side เท front of the optic chiasm and the 
lamina terminalis and behind the olfactory 
trigone and gvrus rectus. Laterallv, the 
vallecula is continuous with the stem of the 


svlvian fissure through the “limen opening" 


described above. Posteriorly, the vallecula 
tapers mto the narrow channel below the 
optic tract designated anatomically as the 
lateral portion of transverse fissure or 
"space of Bichat" or encephalographically 
as the lateral wing of the cisterna ambiens. 
The roof of the vallecula contains and is 
composed of the anterior perforated space. 
The anterior wall of the vallecula is formed 
bv the posterior aspect of the orbital por- 
tion of the frontal lobe medial to the limen 
insula. l'his portion of the posterior margin 
of the orbital surface of the frontal lobe, the 
"postorbital lobule,’!" forms a rather 
prominent protuberance which extends pos- 
teriorlv for about a centimeter beyond the 
lesser wing of the sphenoid. The “post- 
orbital lobule" is made up of the posterior 
parts of the medial orbital gvrus and the 
adjacent medial portion of the posterior 
orbital zvrus. The term "postorbital lobule" 
is a useful designation to distinguish this 
area from the adjacent orbital operculum 
which faces the pole and the anterior 
surface of the insula. The posterior surface 
of the postorbital lobule, or fissura prima,” 
extends superiorly and backward for 1 to 2 
cm. as it forms the anterior sloping wall of 
the vallecula. As a result of this arrange- 
ment, the vallecula lies not only behind but 
well above the lesser wing of the sphenoid 
and no bony ridge protrudes into it. 

For our present purpose, several features 
of the branches of the sylvian fissure should 
be noted. The development and meeting of 
the four opercula over the island determine 
the formation of the three main branches 
of this fissure. By definition, a branch of the 
sylvian fissure must therefore extend 
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through the entire thickness of the oper- 
culum, from the surface of the island to the 
surface of the brain. The posterior ramus 
of this fissure is the largest ot these 
branches. When the unmodified term 
“sylvian fissure" is used, it is usually the 
superficial border of this ramus which is 
brought to mind. However, this ramus is 
actually a Y-shaped plane. The stem of the 
Y is transverse and extends deeply, ils 
inward, for 2 to 3 cm. between the fronto- 
parietal and temporal opercula. The ascend- 
ing limb of the Y runs upward over the 
superior surface of the island to the 
superior limiting sulcus. The descending 
limb runs downward over the inferior sur- 
face of the island to the posterior limiting 
sulcus. The superficial sylvian vein runs 
in the superficial border of this fissure or 
rather in the arachnoid bridging the fissure. 
This outer border of the fissure curves for- 
ward and downward and then medially in a 
broad arc over the tip of the temporal pole. 
The superficial svlvian vein as it turns 
medially passes through the arachnoid 
(Fig. 3) to become the "sphenoparietal" 


sinus along the under aspect of the lesser 


wing of the sphenoid. The “deep border" of 


the posterior branch of the svlvian fissure 
is not clearlv defined since, as noted above, 
this branch bifurcates over the island into 
two limbs. However, it is usuallv considered 
rather arbitrarily that the “deep border” is 
equivalent to the posterior limiting sulcus 
of the island. The distance between the 
deep and superficial borders as they turn 
medially is therefore equivalent to the 
length of the pole of the temporal lobe. As 
pointed out below, there is a vein in the 
deep border of this fissure which is the 
first portion of the deep middle cerebral 
vein as described in texts. The marked dif- 
ference between the positions of the super- 
ficial and deep borders explains the marked 
difference in the courses of the superficial 
and deep middle cerebral veins. 

The superior surface of the temporal pole, 
with the stem of the sylvian fissure in its 
deep or posterior margin, forms a smooth 
continuous curve with the posterior ramus 
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of the sylvian fissure including the pos- 
terior limiting sulcus along its deep border. 
In contrast, the anterior limiting sulcus of 
the island runs downward almost vertically 
and thenabruptly medially to enter the stem 
of the sylvian fissure in front of the pole of 
the insula. The anterior branches of the 
sylvian fissure arise independently of the 
posterior branch from the anterior limiting 
sulcus of the island (Fig. 1). The constant 
branches of this group are the anterior 
horizontal and anterior vertical rami. Not 
uncommonlv, however, there is another 
branch of the svlvian fissure which arises 
below these from the lowermost portion 
of the anterior limiting sulcus and cuts 
through the posterior orbital gyrus. This 
branch, the external orbital ramus of the 
sylvian fissure,” is of angiographic signifi- 
cance because it may furnish a direct path 
for a vein in the anterior limiting sulcus to 
reach the orbital surface of the frontal lobe 
without entering the vallecula. 

The svlvian vallecula cistern has been 
called the “hilum” of the brain.!? The bi- 
furcation of the internal carotid arterv and 
the first portions of the anterior and middle 
cerebral arteries lie within it. Moreover, 
several groups of surface veins converge to 
this cistern to form common trunks. Veins 
drain downward and forward from the in- 
sula, backward from the inferior or orbital 
surface of the frontal lobe, and downward 
from the interhemispheric aspects of the 
trontal lobe. These vessels mav therefore be 
referred to as insula, inferior frontal or 
orbital, and anterior cerebral veins. A 
fourth group of veins, not surface veins, 
also enter the vallecula. These are the in- 
ferior striate veins which perforate the an- 
terior perforated space along with the an- 
terior striate arteries. The inferior striate 
veins are more numerous and larger in 
caliber than the corresponding arteries.^ The 
course of these four groups of veins and 
their relationships to adjacent brain struc- 
tures are shown in Figures 1, 2 and 3. Since 
all the veins converge to the vallecula, 
they may join each other in a varietv of 
ways to form a “vallecula plexus." These 
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Kia. 4. Tdealized representation of the appearance of 
the veins draining into the svlvian vallecula. 
(4) Lateral view. Four insula veins are shown: 

(1) the vein of the posterior limiting sulcus; (2) 

the central vein; (3) the precentral vein; and (4) 

the vein of the anterior limiting sulcus. These con- 

verge to the stem of the sylvian fissure (arrow 5) 

to form a common trunk which runs medially 

and into the svlvian vallecula and then backward 
into the basal vein (BV). The inferior striate veins 

(arrow 6) join this trunk at the anterior per- 
forated space lateral to the optic chiasm and tract. 
The cisterns of the svlvian fossa, vallecula, 
peduncular fossa, and the pons are shown in dotted 
fashion, The medial orbital vein (arrow 7) and the 
anterior cerebral vein (arrow 8) are also indicated. 
The superficial sylvian vein extends into the 
sphenoparietal (arrow 9g) and  paracavernous 
sinuses (arrow 10). 

(B) Anteroposterior projection. On the right 
side, the classic drainage of the insula veins 
(1, 2, 3, 4), Inferior striate veins (6, 6), orbital 
vein (7) and anterior cerebral vein (8) into the 
basal vein is illustrated. The peduncular vein (PV) 
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details are of little angiographic signifi- 
cance. The two alternate routes of drainage 
of these vessels, however, should be em- 
phasized. In a "classic" case, a common 
transverse trunk is formed in the vallecula 
which continues medially directly into the 
basal vein. This common transverse trunk 
corresponds to the basal part of the deep 
middle cerebral vein. In the other type, all 
or part of the drainage is by a common 
vertical trunk forward into the spheno- 
parietal or adjacent sinus. This trunk 
courses anteriorly over the temporal pole 
and through the "trontotemporal" arach- 
noid reflection (Fig. 3). Other small veins, 
draining the adjacent surfaces of the tem- 
poral pole and orbital margin of the frontal 
lobe, may follow a similar course.” One of 
these, often relativelv large and prominent, 
runs between the uncus and the postorbital 
lobule and has been referred to in a previous 
report as the “uncal vein." This vein 
probablv corresponds to the vessel de- 
scribed by Hyrtl as. the “ophthalmo- 
meningeal” vein (quoted by Hédon*). The 
common trunk formed bv the insula vessels, 
as well as inferior frontal and striate veins, 
mav join the uncal vein and, via this vein, 
the sphenoparietal sinus. 

Vessels belonging to the four groups of 
veins noted above are regularlv seen in the 
venous phases of carotid angiography. An 
idealized picture of the appearance of these 
veins in conventional lateral and antero- 
posterior projections is shown in Figure 4, 4 
and B. In almost every patient, the vein in 
the posterior limiting sulcus can be identi- 
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joining the most medial point of the basal vein is 
also shown. The orbital surface of the frontal lobe 
(OL), the insula (Ins), the putamen (P), the globus 
pallidus (GP), the thalamus (Th) and the caudate 
nucleus (CN) are labeled. On the left side, drain- 
age of the veins is illustrated as uniting to form a 
common vertical trunk with the uncal vein (UV) 
which drains into the sphenoparietal (SP) and the 
paracavernous sinuses. The superficial sylvian vein 
(SSV) is directly. continuous with the spheno 
parietal sinus. The anterior clinoid process (AC) 
and the dorsum sellae (DS) are also labeled. 
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tion time and compare it with the normal 
hgures from our control series. 


THE NORMAL CEREBRAL CIRCULATION TIME 


Of the 56 cases studied in this series with 
visualization of all 4 cerebral vessels, 14 
were believed to have a normal circulation 
time and formed the control group. These 
patients had had arteriography as a diag- 
nostic procedure for a variety of reasons 
and were believed to be free from vascular 
disease of the brain. The voungest patient 
was II years of age and the oldest 72 vears. 
ไท the carotid system, taking the origin of 
the internal carotid artery as the zero 
point, the medium was alwavs bevond the 
origin of the anterior and middle cerebral 
arteries with filling of the posterior com- 
municating artery (if present) within the 
frst 0.7 second. Filling of the major 
branches of theanterior and middle cerebral 
arteries was established at 0.7 second with 
filling of the terminal branches of these 
vessels at 1.4 seconds in almost all normal 
cases. There was, however, alwavs some 
delay in transit of the medium in the 
terminal arterioles (S00 win size or less) and 
the point of maximum filling may be diff- 
cult to define with little change in the ap- 
pearance at 1.4 and 2.1 seconds. The upper 
limit of normal for the filling of the ter- 
minal vessels is 2.1 seconds. The capillary 
phase was usually well developed by 2.8 
seconds. The frontal veins were often seen 
within 3.5 seconds with 4.2 seconds as the 
upper limit of normal. In 11 of the r4 
control cases, jugular filling was first seen 
at 5.6 seconds, in the other 3 cases at 4.9 
seconds. Despite the differences 1 ท the 
techniques used to visualize the right and 
left carotid systems, there was no differ- 
ence between the two sides in the timing 
of the circulation in the 14 controls. 

Circulation times determined bv record- 
ing the arrival of the contrast medium at 
certain points in the vascular system of the 
brain should be reproducible by a variety 
of methods. However, the time that the 
medium remains in any one vessel or sys- 
tem depends upon the volume and pressure 


Cerebral Circulation Time 


493 


of the injectate. The figures given here ap- 
plv, therefore, to the technique we have 
used (Fig. 1) and may vary slightly from 
figures reported by others. 

Following the injection of the contrast 
material, the internal carotid artery was 
usually visualized from o to 2.8 seconds; 
at 0.7 second the major branches of the 
anterior and middle cerebral arteries were 
filled and remained visible until 2.8 seconds. 
The terminal branches filled at 1.4 seconds 
and were visualized until 2.8 seconds when 
the capillary phase occurred. This stage 
was recognized by a characteristic cloudy 
or ground glass appearance without clear 
cut visualization of the terminal arterial 
system. At 3.5 to 4.2 seconds the first 
evidence of filling of the veins was obtained 
and all capillary filling had disappeared by 
4.9 seconds when venous drainage was well 
developed. Evidence of venous opacifica- 
tion always persisted beyond the limit of 
the 12 roentgenograms taken (7.7 seconds) 
and similarly jugular filling usually seen 
at 5.6 seconds remained well developed at 
the end of the series. 

The timing of the circulation of the 
contrast medium through the vertebral 
basilar system was taken from the zero 
point at the origin of the vertebral artery 
in the neck. In the control subjects the 
medium had always advanced to the third 
part of the vertebral artery by 0.7 second 
and frequently filled the fourth part of the 
vessel and the basilar artery. At 1.4 seconds 
the basilar artery was outlined in all cases, 
usually with filling of the major branches of 
the posterior cerebral arteries. The upper 
limit of normal for basilar filling was 1.4 
seconds. 

Filling of the major branches of the 
posterior cerebral vessels occasionally oc- 
curred within 0.7 second, was present in 
the majority of cases by 1.4 seconds, but 
was not seen until 2.1 seconds in 3 patients. 
Terminal filling had always occurred by 2.8 
seconds, frequently earlier, but this figure 
was accepted as the upper limit of normal. 
The capillary phase showed varfation from 
2.8 seconds to 4.2 seconds in the control 
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42 


28 
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Fic. 1. Circulation time. ICA «internal carotid artery; AMCM B = anterior-middle cerebral major branches; 
AMCTB = anterior-middle cerebral terminal branches; CC = capillary circulation; VC = venous circulation; 
JC =jugular circulation; VA= vertebral artery; BA=basilar artery; PCMB = posterior cerebral major 


group. Venous filling was found to be less 
definite in the posterior circulation. On the 
right side it could not be measured because 
of development of venous filling from the 


varied between 4.2 and 4.9 seconds but 
was sharply defined in only $ of the 14 con- 
trol subjects. Jugular filling was not seen in 
the left vertebral series. 

There was wider variation in the circula- 
tion time in the vertebral basilar system 
than in the carotid svstem but, despite 
this, it was possible to establish an upper 
limit of normal for the chosen points in the 
circulation. 

It was found that the contrast medium 
remained in the vertebral artery from o to 
2.8 seconds and in the basilar artery up to 
3.5 seconds. Opacification of the posterior 
cerebral arterv and its terminal branches 
had always faded by 3.5 seconds. Occasion- 
ally, when the emptving of the posterior 
cerebral artery was rapid, the basilar 
artery remained distinctly visible even into 
the capillary phase. 


Retrograde injection of the right brachial 
artery permits comparison of the velocity 
of flow in the vertebral and carotid systems 
simultaneously. The contrast medium al- 
ways appeared in the vertebral artery and 
had advanced to its third or fourth part 
betore the right common carotid artery 
was cpacified. At this stage the vertebral 
circulation was ahead of the carotid 
circulation. The velocity of the bolus of 
contrast substance in the carotid system 
was very fast and overtook the vertebral- 
basilar svstem. When the medium had 
reached the basilar and major branches of 
the posterior cerebral artery, there was 
comparable filling of the anterior and 
middie cerebral arteries. Filling of the 
terminal branches and the capillary phase 
in the two systems appeared to be compa- 
rable on subsequent roentgenograms. 


CIRCULATION TIME IN CEREBRAL 
VASCULAR DISEASE 


Arteriography of the 4 major cervico- 
cerebral vessels with assessment of the 
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cerebral circulation time was carried out 
in 42 patients who had symptoms of 
cerebral vascular disease (confirmed by 
arteriographic abnormality in the intra- 
cranial and/or cervical vessels). Final 
diagnostic classification was based on 
clinical and arteriographic findings. There 
was some overlap between the listed 
arbitrary classifications. For example, pa- 
tients with vertebral-basilar insufficiency 
frequently showed evidence of generalized 
arteriosclerotic changes by arteriography. 
The diagnosis in these cases was clinical 
since the preponderance of signs and 
symptoms was due to insufficiency or 
infarction in areas supplied by the verte- 
bral-basilar svstem. It is of special interest 
that the majority of cases included in the 
term "cerebral vascular disease" showed 
arteriographic evidence of disease in both 
the carotid and vertebral-basilar systems 
with slowed circulation times. 


CEREBRAL ARTERIOSCLEROSIS 


The diagnosis of cerebral arteriosclerosis 
was made in 12 patients because of symp- 
toms referable to diffuse disease in the 
distribution of the carotid arteries. All 
showed delay in the passage of the contrast 
medium from the zero point through all 
phases of the arterial and venous circula- 
tion. The medium also remained in the 
vessels longer than in the control group but 
the prolonged filling of the terminal 
branches of the anterior and middle cere- 
bral arteries was most striking (Fig. 2, /7- 
F). In some cases these terminal vessels 
were still clearly discernible when there 
was good filling of the parietal veins and 
the capillary phase was obscure. This re- 
sulted in delav 1 ท the passage of medium 
through the venous svstem with prolonga- 
tion of the carotid to jugular circulation 
time (6.3 seconds to nonvisualization at 
the end of study, ze, more than 7.7 
seconds). On the right side the passage of 
the contrast material in the intracranial 
portion of the vertebral-basilar svstem 
paralleled that of the carotid svstem, as 
in the control cases, with comparable filling 
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of major and terminal vessels. The slowest 
circulation times in this group occurred in 
3 patients with diabetes mellitus, reflecting 
the severe generalized cerebral arterio- 
sclerotic changes that occur in this disease. 


CEREBRAL ARTERIOSCLEROSIS AND SEVERE 
HYPERTENSION 

Two patients were studied who were 
known to have suffered from severe 
hvpertension for many vears. In both cases 
there was a delay in the circulation of the 
contrast material in both carotid and 
vertebral.basilar systems as described in 
cerebral arteriosclerosis. The striking 
changes on seriograms, however, were the 
marked delay in transit of the medium 
through the major. intracranial vessels 
and the poor visualization of the terminal 
vessels followed by appropriate delay in 
capillary and venous phases (Fig. 3, 4-D; 


ABO dq. 244). 


CEREBRAL ARTERIOSCLEROSIS WITH ARTERIO- 
VENOUS MALFORMATION 

In 1 patient à small arteriovenous mal- 
formation in the right parietal area was 
demonstrated bv arteriography. The condi- 
tion was asymptomatic and the patient's 
svmptoms were believed to be due to 
cerebral arteriosclerosis. Serial arteriograms 
clearly demonstrated a delav in the cerebral 
circulation time with some delay of the 
medium in the terminal vessels. ไท con- 
trast, there was a rapid passage of the 
opaque material localized to the zone of the 
malformation. The feeding vessels showed 
a short circulation time despite generalized 
disease of the cerebral vessels (Fig. 5, Æ 
and 5). This clearly indicates the impor- 
tance of increased cerebrovascular resis- 
tance as the important factor in decreasing 
cerebral blood velocity in cerebral arterio- 
sclerosis. 


VERTEBRAL-BASILAR INSUFFICIENCY 


All 24 patients with symptoms referable 
to the vertebral-basilar svstem showed 
prolongation of the circulation time through 
the vertebral-basilar system (Fig. 6, 4-D). 
In the vertebral arteries the passage of the 
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ไ “16. 2. Cerebral arteriosclerosis. (4) 1—4 seconds after injection. (B-E) Roentgenograms made at intervals 
of 0.7 second to the 4.2 second interval showed delav of transit of contrast medium in the smaller intracere- 
bral arterioles of both anterior and middle cerebral systems. (F) Beginning venous phase at 4.9 seconds. 


medium from the zero point was usuallv 
slowed with delay at the third and fourth 
portions of the vessel. Pooling of contrast 
material at points of compression of the 
vessel in the neck or proximal to stenotic 
lesions in the fourth part of the vessel was 
demonstrated with delay in emptying time. 
These effects could be accentuated by head 
turning when there was osteophytic com- 
pression by cervical spondylosis or com- 
pression of the third portion by the lateral 
mass of the atlas. The circulation time to 
the basilar arterv was prolonged เท all 
cases; basilar filling began at 2.1 
or longer on either one or both sides in | 4 
cases. Although the outline of the basilar 
artery was still apparent in the capillary 
phase in a number of our control cases, 


seconds 


the vessel was often discernible in patients 
with vertebral-basilar disease when the 
venous phase was well developed (4.9-5.6 
seconds). 

Filing of the major branches of the 
posterior cerebral arteries was prolonged bv 
at least 0.7 second and a similar delay in 
circulation time was noted in the terminal 
branches in all cases. The delay in empty- 
ing was most apparent 1 ท the terminal 
vessels, however, which occasionally re- 
mained outlined for as long as 2.1 seconds 
betore the capillary phase developed. The 
holdup of the contrast medium in the 
terminal vessels is no doubt similar to that 
seen in the carotid circulation. described 
under "Cerebral Arteriosclerosis.”’ 

Comparison of the prolonged circulation 
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l'1G. 3. Hypertensive cerebral vascular disease. (4) 0.7 second after injection. (B and C) Later roentgeno- 
grams at 0.7 second intervals showing delayed circulation time with holdup of contrast medium in larger 
intracranial vessels which are still well defined in D at 3.5 seconds. 





Fic. 4. Same patient as in Figure 3 showing slowed circulation time in vertebral-basilar system due to hy- 
pertensive cerebral vascular disease. (4) 1—4 seconds after contrast medium had reached the origin of the 
right vertebral artery. (B-D) Other roentgenograms were made at 0.7 second intervals. Holdup of contrast 
medium in the larger intracranial vessels. (E) At 3.5 seconds the smaller vessels are opacified. (F) There 
is still no evidence of venous filling at 4.9 seconds. 


times in the vertebral-basilar to those in 
the carotid svstems 1 ท the same patient 
was also of interest. There was alwavs 
some delav in the carotid svstem but the 
slowing of the circulation in the vertebral- 
basilar svstem was usuallv more marked. 
Thus, in cases of vertebral-basilar insufh- 
ciency the capillary or venous phase could 
develop in the carotid system, while the 
basilar and posterior cerebral arteries re- 
mained clearly outlined. 


BASILAR THROMBOSIS 


A clinical diagnosis of vertebral-basilar 


insufficiency was made in 1 patient with 


dysarthria, inability to walk, marked 
truncal ataxia and bilateral cerebellar 
signs of dysmetria and intention tremor. 
There was a slight delay in the circulation 
time through the carotid system bilaterally, 
terminal filling occurring at 2.8 seconds. 
The posterior cerebral arteries were sup- 
plied wia the right posterior communicating 
artery which also showed terminal filling 
within 2.8 seconds. In the vertebral system 
both arteries showed filling of the third and 
fourth portions at 0.7 second with no filling 
of the basilar artery. The contrast medium 
was clearly visible in the terminal parts of 
the vertebral arteries at 6.3 seconds. Since 
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Fic. 5. Cerebral arteriosclerosis with normal circulation time limited to an arteriovenous malformation. (4) 
At 2.8 seconds after injection the malformation was well filled and beginning venous drainage was seen. (B) 
At 3.5 seconds the venous drainage from the aneurysm is well developed. In contrast, note the prolonged 
circulation time in other intracranial vessels with holdup of the contrast medium in the smaller arteries. 


there was no retrograde filling of the basilar 
artery (Van der Swan’s sign), a diagnosis 
of basilar artery thrombosis was made and 
on review of the clinical findings this was 
undoubtedly correct. 


EFFECTS OF INHALATION OF CARBON DIOXIDE 
AND OXYGEN MIXTURE 

The marked cerebral vasodilator effect of 
carbon dioxide is well known. There are 
possible therapeutic uses for carbon di- 
oxide and oxygen mixture as immediate 
premedication prior to arteriographv and 
in the treatment of cerebrovascular in- 
sufficiency. During routine arteriography 
the effect of inhalation of 5 per cent carbon 
dioxide in oxygen was studied in 3 cases 
with generalized cerebral arteriosclerosis 
included in this series. The gas mixture 
has been found useful in numerous other 
cases; it increases cerebral arteriographic 
visualization and may well reduce the 
incidence of complications. All 3 cases 
showed decreased circulation times with 
increased visualization of terminal vessels 
and less holdup of the contrast medium in 
these vessels (Fig. 7, 4-D). 


CIRCULATION TIME IN STROKE IN EVOLUTION 


Arteriography was performed in 2 pa- 


tients within 48 hours of the onset of an 
acute stroke. Occlusion of the right middle 
cerebral artery was demonstrated in 1 
case and an occlusion of the right internal 
carotid artery in the other. In both cases 
there was also generalized slowing of 
cerebral circulation in both the carotid 
and vertebral basilar systems. Following 
clinical improvement, arteriography was 
repeated 10 days later, and although the 
occlusion of the vessels remained un- 
changed, there was a striking decrease in 
cerebral circulation time in both carotid 
and vertebral-basilar systems. 


OCCLUSION OF THE INTERNAL CAROTID ARTERY WITH 
DEVELOPMENT OF COLLATERAL CIRCULATION 
The development of a collateral circula- 
tion from the external carotid artery is 
well recognized following occlusion of the 
internal carotid artery. The circulation 
through these anastomotic channels mav 
be very rapid. The contribution of the 
posterior circulation in such cases varies 
but was vividly illustrated in 2 cases in 
this series. In 1 patient with occlusion of 
the right internal carotid arterv, the right 
middle cerebral arterv filled from the 
vertebral-basilar system via the posterior 
communicating artery. Terminal filling was 
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lic. 6. Vertebral-basilar insufficiency. Slowing of the circulation time and holdup of the contrast medium in 
the fourth part of the vertebral artery and the basilar artery. First roentgenogram (4) at 2.8 seconds after 
the contrast medium has reached the origin of the left vertebral artery. (B-D) Subsequent roentgenograms 
at 0.7 second intervals. The arteries are still well outlined at 4.9 seconds. 
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Fic. 7. Cerebral arteriosclerosis with decreased circulation time following CO; inhalation. (4 and B) Before 
inhalation of $ per cent CO, in oxygen slowed cerebral circulation time was noted. 4 at 0.7 second; B 
at 1.4 seconds. (C and D) After inhalation of § per cent CO» in oxygen, marked decrease in circulation time 
was seen. C at o.7 second; D at 1.4 seconds. 
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well developed at 2.1 seconds with a 
capillary phase at 4.2 seconds. These 
circulation times calculated from the ori- 
gin of the vertebralfartery implied an 
efficient collateral circulation or “middle 
cerebral steal.”* A similar situation was 
demonstrated in another patient with 
occlusion of both common carotid arteries 
where filling of the right anterior and mid- 
dle cerebral arteries occurred via the right 
posterior communicating arterv. The cir- 
culation times were slower in this case, 
terminal filling occurring at 2.8 seconds and 
the capillary phase occurring at 4.9 seconds. 
In both patients the circulation times were 
comparable through the middle and pos- 
terior cerebral arteries. 


DISCUSSION 

This study was carried out to determine 
the practicalitv and value of serial arteri- 
ographv for measurements of cerebral 
circulation. time in routine aortocranial 
angiography. It has proven the advantages 
of the serial technique over single film 
arteriography. All parts of the extracranial 
and intracranial cerebral circulation. were 
demonstrated by this method with a detail 
impossible to reproduce on the single 
roentgenogram no matter how good the 
technique because circulation time in 
stroke cases varies enormously. Thus, in 
strokes as in tumors, berry aneurvsms and 
arteriovenous abnormalities, the advantage 
of seriography is established.? 

While it 1s obvious in this series that the 
measurements of the various phases of 
cerebral circulation time are no more 
accurate than the 0.7 second interval used 
between seriograms, the figures obtained in 
the control group are calculated from a 
precisely defined zero point. There is con- 
siderable confusion in the literature regard- 
ing the term "cerebral circulation. time" 
and in order to compare results with other 
studies definitions have to be carefully 
stated. The majority of studies refer to 

* By "middle cerebral steal" is meant that the middle cerebral 


circulation is supplied entirely from the posterior communicating 
artery. 
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the appearance of the contrast medium in 
the intracerebral veins, the dural sinuses 
or in the internal jugular vein, while the 
zero or commencement point is ill defined. 
This point has been recognized by Greitz,’ 
who de8ned cerebral circulation time as 
"the time between the points of maximum 
concentration in the carotid syphon and in 
the parietal veins." Allowing for the dif- 
ference 1 ท the zero points, the circulation 
time between the appearance of the con- 
trast material at the carotid bifurcation 
and its zppearance in the parietal veins in 
this series, ze. 3.5 seconds with 4.2 
seconds as the upper limit of normal, is 
acceptablv close to the mean value given 
by Greitz. The wider variation in the values 
given bv Greitz may be due to his use of 
hand injection. which we abandoned be- 
cause of inevitable variation in injection 
time and pressure with consequent difficulty 
in defiring maximum concentration of the 
contrast medium in the carotid syphon. 

It is zlso possible to compare the results 
obtained in this control group with those 
recorded using other techniques to measure 
cerebral circulation time. Nylin ef a/.,'8 
using radioactive labeled erythrocytes, 
stated that maximum concentration oc- 
curred in the right internal jugular vein 
at 4.8 —0.3 seconds after ipsilateral carotid 
injection and 4.8 +0.5 seconds in the left 
internal jugular vein after injection of the 
left carotid artery. In the same article thev 
stated that circulation times, measured 
by seral angiography, were too short in 
their series. In contrast, our figures for 
carotid to jugular circulation time are 
longer chan theirs (5.6 seconds in 11 cases 
and 4.9 seconds in 3 cases). Fedoruk and 
FeindeP using radioactive iodinated albu- 
min found the carotid to jugular circulation 
time to range from 7 to 10 seconds with an 
average of 8.5 seconds for 12 determina- 
tions. This is considerably longer than the 
circulation times recorded in the control 
group in this series and in the study of 
Nvlin e al. 

The technique of combined serial arte- 
riography and measurement of cerebral 
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through the entire thickness of the oper- 
culum, from the surface of the island to the 
surface of the brain. The posterior ramus 
of this fissure is the largest of these 
branches. When the unmodified term 
“sylvian fissure" is used, it is usually the 
superficial border of this ramus which is 
brought to mind. However, this ramus is 
actually a Y-shaped plane. The stem of the 
Y is transverse and extends deeply e, 
inward, for 2 to 3 cm. between the fronto- 
parietal and temporal opercula. The ascend- 
ing limb of the Y runs upward over the 
superior surface of the island to the 
superior limiting sulcus. The descending 
limb runs downward over the inferior sur- 
face of the island to the posterior limiting 
sulcus. The superficial svlvian vein runs 
in the superficial border of this fissure or 
rather in the arachnoid bridging the fissure. 
This outer border of the fissure curves for- 
ward and downward and then medially in a 
broad arc over the tip of the temporal pole. 

The superficial sylvian vein as it turns 
medially passes through the arachnoid 
(Fig. 3) to become the "sphenoparietal" 
sinus along the under aspect of the lesser 


wing of the sphenoid. The "deep border" of 


the posterior branch of the svlvian fissure 
is not clearly defined since, as noted above, 
this branch bifurcates over the island into 
two limbs. However, 1t is usually considered 
rather arbitrarily that the "deep border" is 
equivalent to the posterior limiting sulcus 
of the island. The distance between the 
deep and superficial borders as thev turn 
mediallv is therefore equivalent to the 
length of the pole of the temporal lobe. As 
pointed out below, there is a vein in the 
deep border of this fissure which is the 
first portion of the deep middle cerebral 
vein as described in texts. The marked dif- 
ference between the positions of the super- 
ficial and deep borders explains the marked 
difference in. the courses of the superficial 
and deep middle cerebral veins. 

The superior surface of the temporal pole, 
with the stem of the svlvian fissure in its 
deep or posterior margin, forms a smooth 
continuous curve with the posterior ramus 
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of the svlvian fissure including the pos- 
terior limiting sulcus along its deep border. 
In contrast, the anterior limiting sulcus of 
the island runs downward almost vertically 
and thenabruptly medially toenter thestem 
of the sylvian fissure in front of the pole of 
the insula, The anterior branches of the 
sylvian fissure arise independently of the 
posterior branch from the anterior limiting 
sulcus of the island (Fig. 1). The constant 
branches of this group are the anterior 
horizontal and anterior vertical rami. Not 
uncommonly, however, there is another 
branch of the sylvian fissure which arises 
below these from the lowermost portion 
of the anterior limiting sulcus and cuts 
through the posterior orbital gvrus. This 
branch, the external orbital ramus of the 
sylvian fissure,? is of angiographic signifi- 
cance because 1t may furnish a direct path 
for a vein in the anterior limiting sulcus to 
reach the orbital surface of the frontal lobe 
without entering the vallecula. 

The sylvian vallecula cistern has been 
called the “hilum” of the brain.!? The bi- 
furcation of the internal carotid artery and 
the first portions of the anterior and middle 
cerebral arteries lie within it. Moreover, 
several groups of surface veins converge to 
this cistern to form common trunks. Veins 
drain downward and forward from the in- 
sula, backward from the inferior or orbital 
surface of the frontal lobe, and downward 
from the interhemispheric aspects of the 
frontal lobe. These vessels mav therefore be 
referred to as insula, inferior frontal or 
orbital, and anterior cerebral veins. A 
fourth group of veins, not surface veins, 
also enter the vallecula. These are the in- 
ferior striate veins which perforate the an- 
terior perforated space along with the an- 
terior striate arteries. The inferior striate 
veins are more numerous and larger in 
caliber than the corresponding arteries.* The 
course of these four groups of veins and 
their relationships to adjacent brain struc- 
tures are shown in Figures 1, 2 and 3 





3. Since 
all the veins converge to the vallecula, 
they may join each other in a variety of 
ways to form a "vallecula plexus.” These 


478 Bernard S. Wolf and Yun Peng Huang 





Vic. 4. Idealized representation of the appearance of 
the veins draining into the sylvian vallecula. 

(4) Lateral view. Four insula veins are shown: 
(1) the vein of the posterior limiting sulcus; (2) 
the central vein; (3) the precentral vein; and (4) 
the vein of the anterior limiting sulcus. These con- 
verge to the stem of the sylvian fissure (arrow 5) 
to form a common trunk which runs medially 
and into the sylvian vallecula and then backward 
into the basal vein (BV). The inferior striate veins 
(arrow 6) join this trunk at the anterior per- 
forated space lateral to the optic chiasm and tract. 
The cisterns of the svlvian fossa, vallecula, 
peduncular fossa, and the pons are shown in dotted 
fashion. The medial orbital vein (arrow 7) and the 
anterior cerebral vein (arrow 8) are also indicated. 
The superficial sylvian vein extends Into the 
sphenoparietal (arrow yg) and paracavernous 
sinuses (arrow 10), 

(B) Anteroposterior projection, On the right 
side, the classic drainage of the insula veins 
(1, 2, 3, 4), inferior striate veins (6, 6), orbital 
vein (7) and anterior cerebral vein (8) into the 
basal vein is iHustrated. The peduncular vein (PV) 
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are of little angiographic signifi- 
The two alternate routes of drainage 
of these vessels, however, should be em- 
phasized. In a "classic" case, a common 
transverse trunk is formed in the vallecula 
which continues medially directly into the 
basal vein. This common transverse trunk 
corresponds to the basal part of the deep 
middle cerebral vein. In the other tvpe, all 
or part of the drainage is by a common 
vertical trunk forward into the spheno- 
parietal or adjacent sinus. This trunk 
courses anteriorlv over the temporal pole 
and through the “trontotemporal” arach- 
noid reflection (Fig. 3). Other small veins, 
draining the adjacent surfaces of the tem- 
poral pote and orbital margin of the frontal 
lobe, mav follow a similar course." One of 
these, often relatively large and prominent, 
runs between the uncus and the postorbital 
lobule and has been referred to m à previous 
report as the “uncal vein." This vein 


details 
cance. 


probably corresponds to te e vessel de- 
scribed by Hyrtl as. the “ophthalmo- 


meningeal” vein (quoted by Hédon*). The 
common trunk formed by the insula vessels, 
as well as inferior frontal and striate veins, 
may join the uncal vein and, via this vein, 
the sphenoparietal sinus. 

Vessels belonging to the four groups of 
veins noted above are regularlv seen in the 
venous phases of carotid angiography. An 
idealized picture of the appearance of these 
veins in conventional lateral and antero- 
posterior projections is shown in Figure 4, 4 
and B. In almost every patient, the vein in 
the posterior limiting sulcus can be identi- 


joining the most medial point of the basal vein is 
also shown, The orbital surface of the frontal lobe 
(OL), the insula (Ins), the putamen (P), the globus 
pallidus (GP), the thalamus (Th) and the caudate 
nucleus (CN) are labeled. On the left side, drain- 
age of the veins is illustrated as uniting to form a 
commen vertical trunk with the uncal vein (UV) 
which drains into the sphenoparietal (SP) and the 
paracavernous sinuses. The superficial sylvian vein 
(SSV; is directly continuous with the spheno 
parietal sinus. The anterior clinoid process (AC) 
and the dorsum sellae (DS) are also labeled. 
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Fic. 5. Classic appearance of the insula, inferior frontal and inferior striate veins forming a transverse val- 
lecula trunk continuous with the basal vein. 

(4) Lateral projection. Two insula veins (arrows 1, 2) are clearly evident. The posterior of the two 
(arrow 1) is the vein in the posterior limiting sulcus sometimes called the first portion of the deep middle 
cerebral vein. The anterior of the two (arrow 2) is the vein in the central sulcus of the insula. These veins 
run downward and forward with no significant tortuosity and join each other at an acute angle (arrow 3) 
of about 30 degrees to form a common horizontal trunk. This trunk, foreshortened in this projection, runs 
backward and continues into the basal vein (arrows 7, 8). The short converging inferior striate veins 
enter this trunk (arrow 6) about 1 cm. above the posterior clinoids. The point of entrance of the small 
peduncular vein well behind the posterior clinoids (arrow 7) is also indicated. Just below this point, a 
small vein, convex anteriorly, is faintly seen (arrow 9) which outlines the anterior aspect of the pons. 
There is often a communication between the peduncular and pontine veins. A rather large medial orbital 
vein (arrows 4, 5) is evident. This shows a typical tortuous horizontal portion (arrow 4) and a posterior 
oblique or vertical part (arrow §) which extends upward to join the deep transverse trunk in the vallecula. 

(B) In the anteroposterior projection of this patient, only one insula vein (arrow 1) is clearly seen. This 
vessel runs downward with a characteristic lateral convexity and then takes an abrupt turn medially 

(arrow 3) to form a common transverse trunk. The medial orbital vein (arrow 5) joins this trunk a short 
distance medial to the entrance (arrow 6) of the inferior striate veins (arrow 10). The common transverse 
trunk may be referred to as the basal portion of the deep middle cerebral vein. In a case such as this in 
which the deep middle cerebral vein runs directly into the basal vein (arrow 8), there is no well-defined 
point to mark the beginning of the basal vein. An unconventional landmark, useful angiographically, is 
the point of entrance of the peduncular vein (arrow 7) or the most medial point of the common basal 
trunk. 


fed by its typical location and appearance 8, 4 and B). Since the first part of the 


(Fig. 5, 4 and B; and 6, 4 and B). It is 
seen as a straight thin vein of rather uni- 
form caliber which extends obliquelv down- 
ward and forward to a point above the sella 
turcica. This vein corresponds to the begin- 
ning or the first part of the "deep middle 
cerebral vein." However, this is not the 
only vein which runs in relationship to the 
insula. Usuallv, at least two veins are evi- 
dent (Fig. 5, Zand 5; and 6, 4 and B) and 


often as many as four (Fig. 7, Zand B; and 


"deep middle cerebral vein” is only one of 
several insula veins, it is usually more con- 
venient to include this vessel among the 
insula veins? and to refer to it as the vein 
of the posterior limiting sulcus. The second 
of the two insula veins, almost alwavs evi- 
dent, is located anterior to the vein in the 
posterior limiting sulcus and is separated 
from it superiorly by 1.5 to 2.0 cm. This 
vessel, as it turns downward and forward, 
forms an angle with the vein of the pos- 
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Itc. 6. Classic insula, inferior striate, deep middle cerebral and basal veins. 

(4) Lateral projection. The vein of the posterior limiting s lcus (arrow 1) is quite well seen. Opercular 
(arrow 2) and retroinsular tributaries (arrow 3) are evident and have a characteristic course. The central 
vein of the insula (arrow 4) is only faintly seen. The two insula veins join in typical fashion and location 
(arrow 5) to form a transverse trunk which extends posteriorlv to the anterior perforated space (arrow 8). 
This space is indicated by the convergence of the multiple shert straight inferior striate veins. In this pa- 
tient, the vein in the anterior limiting sulcus (arrow 7) is quite prominent and tortuous and runs vertically 
downward to the orbital surface of the frontal lobe. Since the vein fails to enter the vallecula, it must 
run through an accessory branch of the sylvian fissure. The uppermost portion of this vein (arrow 7) 
arises above the level of the superficial sylvian vein. This indicates that the origin of this vein 1s super- 
ficial and that it must run through the anterior vertical ramus of the sylvian fissure to reach the anterior 
limiting sulcus of the insula. The superficial sylvian vein does not enter the cavernous sinus but continues 
into a dural sinus in the anterior wall of the middle fossa (arrow 9). This sinus may be referred to as the 
"paracavernous" sinus and is derived from the embryologic t2ntorial sinus. 

(B) Anteroposterior projection of the same patient. There are several insula veins (arrow 1) running 
downward and then medially (arrow 4) to form a transverse trunk which continues into the basal vein. 
In this patient, there appears to be a second transverse trunk (arrow 10). The site of entrance (arrow 8) 
and the appearance of the inferior striate veins (arrow 11) are typical. The tortuous vein in the anterior 
limiting sulcus of the island is not clearly seen but can be recognized (arrow 6) as it extends downward to 
the lesser wing of the sphenoid. The paracavernous sinus in the anterior wall of the middle fossa (arrow 9) 
is well opacified. 


terior limiting sulcus of about 30 degrees. 
Since this second insula vein follows the 
course of the central sulcus of the island, 
it mav be designated as the central vein. 
The central vein is approximately parallel 
to a line drawn from the tuberculum sellae 
to the “venous angle” of the internal cere- 
bral vein, z.e., the foramen of Monro. The 
vein of the posterior limiting sulcus is 
approximatelv parallel to a line drawn from 
the tuberculum sellae to the Junction of the 
great vein of Galen with the straight sinus. 
These two posterior insula veins join each 


other about 1.5 cm. above the sella turcica, 
as far forward as the tuberculum sellae or 
as far backward as the middle of the sella. 
As seen in the lateral projection, this junc- 
tion forms a characteristic V-shaped con- 
figuration, the posterior limiting vein bend- 
ing slizhtly forward before joining the cen- 
tral v2in. Two other insula veins may be 
seen (Fig. 7, 4 and B; and 8, 4 and B) 
located more anteriorlv than the posterior 
pair. One of these is located a short distance 
in front of the central vein and 1s assumed 
to run in the precentral sulcus of the insula. 
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Fic. 7. Prominent insula veins with drainage anteriorly into the sphenoparietal sinus. 

(4) Lateral view shows a rather exquisite radiating pattern of four insula veins (1, 2, 3, 4). These veins 
may be designated as the vein in the posterior limiting sulcus (1), the central vein (2), the precentral vein 
(3) and the vein in the anterior limiting sulcus (4). There is an inferior frontal or orbital vein (arrow 5) which 
runs posteriorly to join the vallecula plexus. Another short vertical orbital vein (arrow 6) runs directly 
downward into the sphenoparietal sinus (arrow 10). The two posterior insula veins join to form a common 
stem (arrow 8). Crossing this stem, there is a prominent uncal vein (arrow 9) which receives the inferior 
striate veins and runs downward and forward to the sphenoparietal sinus. The sphenoparietal sinus empties 
into a paracavernous sinus (arrow 11) which runs downward in the floor of the middle fossa. There is also a 
small vein (arrow 7) running transversely, superimposed on the radiating pattern of the insula veins. 
Stereoscopic views demonstrated that this vessel was located superficially in the posterior branch of the 
sylvian fissure. Note the absence of any significant superficial sylvian vein and the absence of the anterior 
part of the basal vein. 

(B) Anteroposterior projection of the same patient shows four insula veins (arrows 1, 2, 3, 4). The vein in 
the anterior limiting sulcus (arrow 4) lies much more medially than the others. The insula veins form a 
common trunk (arrow 8) which runs medially for only a short distance before it turns downward to the 
lesser wing of the sphenoid. The uncal vein (arrow 9) runs downward and then laterally to join the common 
trunk near the lateral angle of the superior orbital fissure. At this point, these veins drain into the spheno- 
parietal and paracavernous sinuses. Several small tortuous veins are seen medial to the uncal vein. These 
presumably represent inferior frontal veins which extend both posteriorly to join the uncal vein and ante- 
riorly to the anterior end of the superior longitudinal sinus. 


The other and most anterior of the four 
veins lies in relationship to the anterior 
limiting sulcus of the island. The precen- 
tral vein has a rather straight course as it 
runs downward and slightlv forward to 
join the more posterior pair. In contrast, 
the vein of the anterior limiting sulcus fre- 
quently has a rather tortuous course as it 
runs downward and backward (Fig. 74). 
This tortuosity is produced by the small 
connecting gyri in the depths of the an- 
terior limiting sulcus. In the anteropos- 
terior view, the posterior, central, and pre- 


central insula veins may be difficult to 
identify individually because they overlap 
or cross each other. At least one of these 
can, however, usually be recognized (Fig 


-5 


— 


$B: 6B; and 78) as it runs downward and 
slightly laterally in a somewhat arcuate 
course, convexity directed outward. This 
course resembles the more familiar appear- 
ance of the middle cerebral arteries as they 
run posteriorly over the insula. The insula 
veins, however, show a more acute angle 
than the arteries as they turn medially at a 
point about 4.5 cm. from the midline. The 
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Fic. 8. 


Prominent insula veins with anterior drainage. 


(4) The lateral projection shows a radiating pattern of four insula veins (1, 2, 5, 4) similar to that in the 


patient in Figure 7. The center of the radiating pattern corresponds to the stem of the sylvian fissure. À 
large common venous stem is formed (arrow 5) which runs downward and forward and then along the lesser 
wing of the sphenoid as the sphenoparietal sinus. This sinus then enters the paracavernous sinus (arrow 6) 
in the anterior wall of the middle fossa. There is an anomalous arcuate venous trunk (arrow 8) which re- 
ceives the inferior striate veins anteriorly (arrow 7) and then runs backward and downward behind the 
dorsum sellae. This represents a communication with (unopacified) veins of the pontine plexus. 

(B) Anteroposterior projection. This view is unconventional, inclined towards the Waters’ position. The 
insula veins (arrow 1) are only faintly seen. They extend downward and then medially and join with the 
superficial sylvian vein (arrow 9) to form a common stem (arrow 5). This stem continues a short distance 
medially along the lesser wing of the sphenoid to the lateral angle of the superior orbital fissure and then 
abruptly turns downward to become the paracavernous sinus (arrow 6). The anomalous communicating 
vein (arrow 8) with the pontine plexus is evident as it extends medially and then downward into the poste- 


rior fossa. 


veins run transverselv from ฝ่า 15 point 
above the middle cerebral arterv, usuallv 
as a single trunk. In the "classic" case 
(Fig. sB; and 65), this trunk continues 
medially to a point about 1.5 cm. from the 
midline. At this point, a sharp angle, ob- 
vious in the anteroposterior projection 1s 
formed as the vessel continues into the 
basal vein. It is convenient—at least angio- 
graphically to consider this acute angle as 
the beginning of the basal vein. In the 
lateral projection, however, this point is not 
clearly evident since no similar discon- 
tinuity in the course of the vein can be 
noted. Often, however, in this projection, 
the recognition of the small peduncular 
vein may be used to identify the transition 
point (Fig. :577). In the lateral view, the 
common transverse trunk or basal portion 


of the middle cerebral vein is foreshortened 
since it extends only a short distance back- 
ward before it continues as the basal vein. 

The vein in the anterior limiting sulcus 
of the island frequently seems to run in- 
dependentlv of the other insula veins. ไท 
the lateral view, it may extend directly 
downward before turning posteriorly (Fig. 
9.1) to Join the other veins or it may enter 
the sphenoparietal or adjacent sinus in- 
dependently (Fig. 6, Z and B; and ro, 4 
and Æ). In the anteroposterior projection, 
this vein also shows a direct downward 
course (Fig. 95; and 108), running a 
considerable distance medial to the other 
insula vessels. The anterior limiting vein in 
some instances has a relatively large caliber 
and may receive surface tributaries via 
the anterior rami of the sylvian fissure 
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Fic. 9. Prominent insula veins with anterior drainage; absent superficial sylvian veins. 

(4) In this case, the vein in the posterior limiting sulcus (1) and the central vein (2) are large and typi- 
cally located. They extend downward and forward to unite in a characteristic V configuration to form a 
common stem (arrow §) which runs forward and downward and joins the uncal vein (arrow 6). The short 
common stem beyond this junction (arrow 7) enters the faintly opacified cavernous sinus. The vein in the 
anterior limiting sulcus (arrow 3) 1s prominent and tortuous. The upper end of this vessel (arrow 4) is 
formed by two small characteristic transverse tributaries. There is also a characteristic temporal operculum 
tributary (arrow 8) entering the vein in the posterior limiting sulcus. 

(B) In the anteroposterior projection, the two posterior insula veins (arrow 1, 2) overlap. They form a 
common trunk inferiorly (arrow 5) which runs transversely and receives the vein of the anterior limiting 
sulcus (arrow 3). The uncal vein (arrow 6) runs downward and slightly laterally to join the common stem 
of the insula vessels as it continues along the medial portion of the lesser wing (arrow 8) into the cavernous 
sinus. The superficial sylvian vein and the anterior portion of the basal vein are absent in both projections. 


(Fig. 6/7). In those instances in which the 
anterior insula veins are prominent (Lig. 
7, 4 and &;8, Zand B; and 9, Zand B), the 
superficial sylvian vein may be small or ab- 
sent. [n other instances in which the super- 
ficial sylvian vein is prominent, the insula 
veins may communicate with the superficial 
vein (Fig. 11, 4 and B) by an'anastomotic 
channel which runs upward, forward and 
laterally across the temporal pole to reach 
the surface of the brain. Small posterior 
opercula tributaries are frequently seen 
joining the vein in the posterior limiting 
sulcus (Fig. 6.7). Occasionally, a small vein 
can be seen in the lateral projection running 
transversely across the insula (Fig. 7.7) 
which lies, not on the insula, but on the 
temporal operculum near the surface. 

In those "nonclassic" cases in which the 
insula veins drain forward into the spheno- 


parietal sinus, a transverse trunk continu- 
ing into the basal vein is absent. A common 
vertical trunk mav then be identified in 
both lateral and anteroposterior projections 
as a short stem extending downward and 
forward (Fig. 7B; and 85) to the medial 
portion of the sphenoparietal sinus. This 
trunk as well as the uncal vein, usuallv 
join the sinus near the outer end of the 
superior orbital fissure. This relationship, 
however, is somewhat variable depending 
on the presence or absence of a paracaver- 
nous sinus, that 1s, a sinus lateral to the 
cavernous sinus in the dura of the anterior 
wall and floor of the middle fossa. The 
paracavernous sinus is embryologically the 
original drainage pathway of the super- 
ficial sylvian vein and often persists in the 
adult.? l 

In the lateral projection, it is not difficult 
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l'iG. 10. Unusual vein of the anterior limiting sulcus. 


(4) Lateral projection. In this patient, the posterior pair of insula veins (1, 2) are small and drain into a 
vertical vallecula trunk (arrow 3). The vein in the anterior limiting sulcus (arrow 4) 1s large with character- 
istic transverse tributaries at its origin (arrow &). Inferiorly, this vein runs directly to the orbital surface of 
the frontal lobe and lesser wing of the sphenoid to Join the sphenoparietal and paracavernous sinuses 
(arrow 6). The appearance and the site of convergence of the inferior striate veins (arrow 7) are typical. 
These join the basal vein (arrow 8) which is incompletely opacified. There is an unusually large surface vein 
(arrow 9) on the medial aspect of the temporal pole which runs inferiorly to the floor of the middle fossa to 
join the paracavernous sinus. A small tortuous vessel (arrow 10) in the region of the pterygoid fossa also 
drains into the paracavernous sinus presumably via the foramen rotundum. 

(B) Anteroposterior projection shows the large vein in the anterior limiting sulcus (arrow 4) and another 
insula vein (arrow 1). The other vessels are poorly opacified. 


to identifv veins on the inferior aspect of 
the frontal lobe, that is, orbital veins (Fig. 
5, A and D; and 12, 4 and B). These are 
recognized by their horizontal course a 
short distance above and roughly parallel 
to the roof of the orbit. Thev form two 
groups, an anterior group which drains 
forward to join the superior longitudinal 
sinus and a posterior group which drains 
backward usuallv into the vallecula. There 
are many variations in the appearance of 
these vessels presumablv corresponding to 
the manv variations in the sulci of the 
orbital surface of the frontal lobe. Often, 
however, one of the posterior group of 
veins, the "medial orbital vein" (Fig. 2 
and 3), is frequently larger than the others 
and has a rather characteristic appearance 
(Fig. 54; and 12, Æ and B). It begins I or 
1.5 cm, above the mid-portion of the orbit 


and extends backward in a somewhat 
tortuous course. A short distance behind 
the taberculum sellae, this vessel forms a 
loop as it continues upward and backward 
to join the basal venous channel a short 
distamce posterior to the entrance of the in- 
terior striate veins. Other orbital vessels do 
not show a similar posterior loop presum- 
ably because they run in fissures which run 
directly into the vallecula. A small vein in 
the olfactory sulcus is a constant finding 
anatomicallv.! However, in the lateral 
projection, this vein is likely to be obscured 
by the roof of the orbit and can rarely be 
identified. Not intrequently, inferior frontal 
veins are said to run directly into the 
sphenoparietal sinus (Fig. 74) but are also 
dificult to identify on angiography. In the 
anteroposterior projection, the posterior 
orbital veins are difficult to recognize with 
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Fic. 11. Two examples of a large superior anastomotic channel between the insula and superficial sylvian 
veins. 

(4) The insula vessels in this patient (arrows 1, 2) are quite small. In contrast, the superficial sylvian 
vein (arrow 5) is large and multiple. The insula vessels have a typical course and join each other above the 
posterior clinoids to form a common trunk (arrow 3). This trunk connects with an anomalous vein (arrow 4) 
which runs forward (and laterally) over the tip of the temporal pole to join one of the superficial sylvian 
veins (arrow 5). There is in addition a straight inferior striate vein (arrow 6) which shows a characteristic 
course downward and backward to the anterior perforated space (arrow 7). 

(B) Another patient. The vein in the posterior limiting sulcus (arrow 1) is rather well seen. The central 
vein of the insula anterior to this (arrow 2) is small. A large uncal vein (arrow 3) is present which extends 
downward and forward from the region of the anterior perforated space to join the sphenoparietal sinus. This 
patient also shows a large “anastomotic” vein (arrow 4) which runs forward from the region of the anterior 
perforated space along the superior aspect of the tip of the temporal pole to join one of the superficial 
sylvian veins (arrow 5). The chief drainage of the insula vessels may be via this channel since the basal vein 


is poorly opacified. 


certainty because the anterior group of 
orbital veins as well as superficial veins 
over the frontal pole often overlap and ob- 
scure them. In the anteroposterior projec- 
tion, 1t is sometimes possible to identifv a 
tortuous vein near or in the midline cor- 
responding to the "anterior communicating 
vein" (Fig. 13, Æ and B). This vein plus 
"the posterior communicating vein" made 
up by anastomoses between the peduncular 
veins are described as constituting a venous 
"circle of Willis." 

The anterior cerebral (Fig. 14, A and B), 
or more specifically the anterior callosal 
vein (Fig. 14, Zand B), is usually described 
as running forward over the anterior aspect 
of the corpus callosum, then downward 
around the rostrum and in front of the 
lamina terminalis to the vallecula. Angio- 
graphically, however, this is an inconstant 
vessel and is rarely evident as a single con- 


tinuous channel. This is particularly true 
of the portion said to be anterior to the 
rostrum and lamina terminalis. Other 
anterior cerebral veins are also difficult to 
identify although occasionally small seg- 
ments of such vessels can be recognized by 
their course roughly parallel to the corpus 
callosum. 

The inferior striate veins can usually be 
identified in both the lateral and antero- 
posterior projections (Fig. 5, 4 and 5; 6, 
A and B; 104; 114; and 124). In the 
lateral projection, they are most often seen 
as a radiating pattern of short straight ves- 
sels which converge inferiorly at a point 
about 1 cm. above the posterior clinoids on 
a line from the posterior clinoids to the 
bregma. This point is about 0.§ to 1 cm. 
posterior to the apex of the V formed by the 
junction of the two posterior insula veins. 
The area of convergence of these veins is a 
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liG. 12. Prominent medial orbital vein. 

(4) In this patient, there is a large medial orbital vein beginning about 1 cm. above the mid-portion ot 
the orbital roof (arrow 1) and running backward and then upward (arrow 2) to reach the vallecula and join 
the basal vein unusually far posteriorly (arrow 3). There is another orbital vessel (arrow 4) with a different 
appearance, probably located more laterally. The usual insula vessels are not evident. There is a straight 
vein in the anterior limiting sulcus (arrow §) which runs dowr ward to the medial orbital vein. The inferior 
striate veins have a typical configuration and location (arrow 6). All of the vallecula venous drainage ap- 
pears to be into a large and well opacified basal vein (arrow 7). 

(4) Anteroposterior projection of the same patient also shows the unusually large medial orbital vein 
(arrows 1, 2). The horizontal portion of this vessel (arrow 1) is seen on end while the portion entering the 
vallecula (arrow 2) is seen en face. The large basal vein (arrow 7) is well shown. 
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Fic. 13. Mid-line basal communicating veins. 

(4) The lateral projection in this patient shows two typical insula veins (1, 2). A long anterior inferior 
striate vein (arrow 3) which joins the basal vein (arrow 4) at the usual location is present. The entrance of 
the peduncular vein (arrow 5) into the basal vein can be seen in its typical location above and about 5mm. 
behind the dorsum sellae. 
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FrG. 14. Anterior cerebral veins. 

(4) In this patient, the vein in the posterior limiting sulcus (1) and the central insula vein (2) are small. 
A large orbital vein (arrow 3) extends backward to the vallecula. Two small veins (arrows 4, 4), one above 
the other, with an arcuate course parallel to the anterior horn of the lateral ventricle (outlined by a small 
amount of residual air), are evident. The more posterior and smoother of these is the anterior callosal vein 
(arrow 4) which runs on the corpus callosum. The anterior of the two (arrow 5) has a more tortuous course 
and presumably lies in an accessory sulcus on the medial aspect of the callosal gyrus. À common stem 
(arrow 6) 1s formed inferiorly which continues posteriorly (arrow 7) into the basal vein. Small tortuous 
vessels (arrow 8) above the sella turcica, located on the medial aspect of the temporal pole, run forward to 
join the sphenoparietal sinus or paracavernous sinus. 

(B) In another patient, the anterior callosal vein (arrow 1) has a frayed or punctate appearance without 
any obvious continuation anteriorly or posteriorly. The posterior callosal vein or posterior cerebral vein 
(arrow 2) is more clearly evident as is the mid-portion of the inferior longitudinal sinus (arrow 3). This case 
also demonstrates several unusual features of basal venous drainage. A rather characteristic orbital vein 
(arrow 4) is present which runs into the vallecula and is joined by the inferior striate veins (arrow 5). These 
veins drain into a large trunk (arrow 6) which corresponds to the usual anterior portion of the basal vein. 
However, this vessel does not continue posteriorly into the internal cerebral vein but instead makes a 
rather acute turn inferiorly (arrow 7) through the tentorial opening into the posterior fossa along the 
lateral aspect of the cerebral peduncle. This vein has been designated as the lateral anastomotic mes- 
encephalic vein and drains into the superior petrosal sinus. In such instances, the posterior portion of the 
basal vein is small or absent. Several fine tortuous vessels (arrows 8, 9) are seen on the medial aspect of the 
temporal lobe. These surface veins drain forward (arrow 8) to dural sinuses in the floor of the middle fossa 
and posteriorly (arrow 9) into a channel within the tentorium (arrow 10) which empties into the transverse 
sinus (arrow I1). 





(B) Anteroposterior projection of the same patient shows a faint tortuous transverse vessel in the medial 
portion of the vallecula (arrow 6) which appears to arise near the midline. Continuation into a similar vein 
on the opposite side creates the “anterior communicating vein.” The left basal vein (arrow 8) is well opaci- 
fied; the right basal vein (arrow 7) is faintly seen. The peduncular vein of the right side (arrow 5) from the 


deep part of the peduncular fossa arises in the mid-line. Anastomoses between the peduncular veins in this 
area are referred to as the "posterior communicating vein." 


useful landmark to identify the anterior 
perforated space. In the lateral projection, 
occasionally one or two surprisingly long 
and straight inferior striate veins (Fig. 15) 
mav be seen extending as far forward and 
upward as the head of the caudate nucleus. 
These presumably correspond to the anter- 
ior central group of inferior striate veins 
noted by Mettler. In the anteroposterior 
projection, the inferior striate veins par- 
tially overlap each other and, like the 
corresponding striate arteries, show a char- 
acteristic lateral convexity (Fig. 58; and 
6B). Distinction between medial and lateral 
groups can only occasionally be made. The 
lower ends of the inferior striate veins are 
located slightly higher and more medially 
than the lower ends of the arteries. The 
short segments of the anterior striate 
arterles at their origins directed upward 
and medially have no venous counterpart. 
ไท the anteroposterior projection, the 
point of confluence of the inferior striate 
veins is usuallv located about 2.5 cm. from 
the midlirte. 

The descriptions given above of the veins 


Bernard S. Wolf and Yun Peng Huang 





Pr 

Fic. 15. Large anterior inferior striate veins. The lateral projection in this patient shows two unusually long 

anterior inferior striate veins (arrows 1, 2) which arise in the region of the head of the caudate nucleus and 

run downward and backward in straight fashion to the anter or perforated space. Inferior striate veins of 

this type are not rare. They are differentiated from veins in the anterior limiting sulcus by noting the char- 
acteristic course inferiorly to the anterior perforated space. 
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runnirg to the base ot the brain do not in- 
clude all the possible variations in arrange- 
ment or drainage. For example, another 
major drainage pathway not infrequently 
seen (Fig. 148) is via the "lateral anasto- 
motic mesencephalic vein” of Padget?'? or 
bv other less tvpical communications with 
veins in the posterior fossa (Fig. 8, 4 and 
B). There are usually veins evident on the 
medial aspect of the temporal lobe which 
drain into adjacent sinuses (Fig. 10.7; and 
14, 4 and B). Other small vessels are fre- 
quently seen which are difficult to locate 
exactly and have no specific designation. 


SUMMARY 


The deep middle cerebral vein or deep 
svlviin vein begins as a vein in the poster- 
ior limiting sulcus of the island of Reil. The 
course of this vessel is much different from 
the course of the superficial sylvian vein 
corresponding to anatomic differences be- 
tween the deep and superficial borders of 
the posterior ramus of the sylvian fissure. 
It is more convenient to consider this vein 
as one of four insula veins with character- 
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Istic appearances angiographically. The 
insula veins unite to form a common trunk 
in the stem of the sylvian fissure which may 
be designated the basal por tion of the deep 
middle cerebral vein. In a "classic" case, 
this trunk runs medially into the sylvian 
vallecula where it receives inferior frontal, 
anterior cerebral and inferior striate tribu- 
taries and continues directly into the basal 
vein. In a "nonclassic" case, the common 


insula trunk drains forward into the 
sphenoparietal or adjacent sinus. The 
other "vallecula" tributaries mav then 
drain into the basal vein, into the uncal 


vein, or independently into the spheno- 
patietal sinus. Several of these tributaries 
have characteristic angiographic appear- 
ances based on their relatively constant 
anatomic locations and relationships. 
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CEREBRAL CIRCULATION TIME IN CEREBRAL 


SERIAL ANGIOGRAPHY* 


By JOHN GILROY, M.D., RAYMOND B. BAUER, M.D., KENNETH L. KRABBENHOFT, 
M.D., and JOHN S. MEYER, M.D. 


DETROIT, MICHIGAN 


LINICAL investigation of patients 

with cerebral vascular disease has 
shown that cerebral blood low and metabo- 
lism are depressed! and cerebral circulation 
time is prolonged in the majority of 
cases. ^ 5:1^!3 [t seems reasonable to assume 
that in all acute strokes with severe neuro- 
logic deficit cerebral circulation through the 
diseased area is prolonged. While it is recog- 
nized that cerebral circulation time is not 
necessarily. proportional to cerebral blood 
flow,!* it is possible to determine it by sim- 
ple and harmless methods and it may show 
a regional disturbance which is of much 
more clinical value than measurements of 
average cerebral blood flow. Many factors 
may alter cerebral circulation time as, for 
instance, decreased cardiac output, changes 
in viscosity of the blood, variations in blood 
pressure, changes in the gaseous content of 
the blood, and obstruction to the major 
vessels of the brain in their course from the 
aortic arch to the cerebral capillary net, in- 
cluding changes in cerebrovascular resist- 
ance due to disease of the cerebral metar- 
terioles. The last-named factor appears to 
be of fundamental importance in cerebral 
vascular disease and in the series reported 
here it has been found to be the commonest 
cause of prolonged carotid-jugular circula- 
tion time in man. 

Carotid to jugular circulation time may 
be measured using radioactive labeled 
erythrocytes, 7^? krypton,” radioactive 
krypton,’ radioactive iodinated serum 
albumin? and injection techniques with 
contrast media.!? In an attempt to obtain 
an indirect measurement of cerebral circu- 
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lation time, the arm to retina fluorescein 
circulation time was extensively investi- 
gated and was found to be a simple and 
useful bedside test in cerebral vascular 
disease.’ The arm to retina circulation time 
has a mumber of disadvantages since it is an 
indirect measurement and is influenced by 
systemic factors (such as prolonged arm to 
heart circulation time in heart failure). 
Measurement of cerebral circulation time 
alone does not, of course, give information 
concerning the disease process itself involv- 
ing the cerebral vessels. At the present 
time, in order to determine this, arteriogra- 
phy must be performed. A combination of 
arteriography and measurement of cerebral 
circulation time as a single procedure 
seemed to us to be a valuable technique in 
the investigation of cerebral vascular dis- 
ease. The study reported in this communi- 
cation was, therefore, undertaken. 


METHODS 


The method of serial cerebral angiogra- 
phy íseriograms) has been used*! and the 
results obtained appear to correlate well 
with other methods of measuring cerebral 
circulation time. Various attempts to 
refine the technique by introducing shorter 
intervals between roentgenograms 1s, in our 
opinion, unnecessary. We do not agree with 
the statement that serial angiography at 
speeds no greater than 2 roentgenograms 
each second cannot demonstrate sufficient 
detail to allow complete analysis of various 
phases of cerebral circulation." Even witha 
large commercially available cassette 
changer, exposure of films at a speed of less 
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than half a second usuallv means that the 
films are all exposed before the circulation 
of the contrast material is completed. In 
seriography, completeness of studv and 
practicality are the two most important 
considerations. With exposures at 0.7 sec- 


ond intervals, significant changes in time of 


circulation are obvious and can be meas- 
ured with accuracy 
roentgenograms taken is reasonable ( 
sidering cost, roentgen-rav exposure 
availability of equ ipment). 

In all patients in this study, arteriog- 
raphy of the 4 major cerebral vessels (both 
carotids, both vertebral arteries) under 

local anesthesia was performed. The pa- 
tients were lightly premedicated with nem- 
butal (100 mg.), phenergan (25 mg.), dilan- 
tin (100 mg.), and atropine (0.5 mg.), 30 
minutes prior to the studv. The dilantin 
was introduced by us to prevent seizures 
during arteriography and in the last 50 
cases we have had no seizures. Heavier 
premedication was avoided since patients 
with cerebrovascular disease, particularly 
those with vertebral-basilar insufficiency, 
are liable to suffer cerebral infarction in- 
duced by hvpotension. The patients were 
positioned with the head on a Sanchez- 
Perez cassette changer containing 12 
(12X14 inch film) cassettes set to change 
at 0.7 second intervals. 

At the first session bilateral retrograde 
brachial arteriography was performed for 
the visualization of the vertebral-basilar 
system on both sides and of the right carot- 
id svstem.?:* 0? The skin over both cubital 
fossae was draped, using aseptic technique 
and local infiltration with xvlocaine. A No. 
16 Rochester needle was inserted percuta- 
neously into the brachial artery. When a 
good flow of blood was obtained, the needle 
was removed and the polvethvlene cathe- 
ter was advanced some 3 inches into the 
artery. The catheter was attached to an 
injector* set to inject 30 cc. of 60 per cent 
renografin at a pressure of 60 pounds 


(con- 
and 


* Few injections were made with the Shipps injector; the ma- 
Jority were made with the Amplatz injector which proved highly 
satisfactory. 
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(Amplatz) per square inch or 110 pounds 
(Shipps). The circuit was so arranged that 
the roentgen tube and cassette changer 
were actuated bv the pressure injector at 
the end of the injection of the first 15 cc. of 
contrast medium. At this time the head of 
the bolus had advanced in a retrograde 
fashion up the brachial artery, through the 
subclavian arterv to the EN of the aorta 
and had outlined the origin of the vertebral 
artery on the left side and the origin of the 
vertebral and common carotid arteries on 
the right side. To calculate circulation time 
through the vertebral-basilar system, the 
zero point was taken as the medium entered 
the origin of the vertebral artery. Later 
roentgenograms were taken at 0.7 second 
intervals. In normal individuals the con- 
trast substance advanced through the right 
carotid and both vertebral svstems and 
usuallv reached the bifurcation of the right 
common carotid artery after 0.7 second. 
The zero point for the ง of the 
circulation time through the right internal 
carotid svstem was เซ from the time of 
filling of the carotid bifurcation. Subse- 
quent roentgenograms taken at 0.7 second 
intervals showed the passage of the medium 
through arterial and venous phases. Twelve 
roentgenograms were taken in anteropos- 
terior and lateral projections on both sides. 
The lateral views were obtained with the 
head rotated to demonstrate any slowing 
of the circulation due to kinking of the ves- 
sels in the neck.3411.15,22,26,2%7 Since this was 
à common occurrence in this studv, all cal- 
culations of cerebral circulation time were 
made on the anteroposterior roentgeno- 
grams. After the four series of roentgeno- 
grams had been taken, the polvethylene 
catheters were removed from the brachial 
arteries, the bleeding was controlled by 
digital pressure and the area was bandaged 
with an elastic bandage, care being taken 
not to obliterate the radial pulse. 

Lett carotid arteriography was usually 
performed the following day. A PE 160 
Stille- Werner needle was inserted into the 
left common carotid artery. Fhe stylet 
was removed, leaving the ul in the 
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artery. The cannula could then be ad. 


vanced into the arterv without damage to 
the endothelium since it is blunt. This 
method minimizes the risk of damage to 
the vessel wall on head turning and reduces 


the incidence of subintimal injection of 


contrast medium. When the cannula was in 
position, it was connected to the Amplatz 


or Shipps injector by a short length of 


polyethylene tubing. Ten cubic centimeters 
of 60 per cent renografin was injected at 

25 pounds (Amplatz) or so pounds (Shipps) 
per square inch with the delay mechanism 
set so that the Sanchez-Perez cassette 
changer was actuated after § cc. of contrast 
medium had been injected. In practice, this 

was sufficient to fill the connecting poly- 
ethylene tubing and the Stille-Werner can- 
nula. Thus, the first roentgenogram showed 
the medium in the left common carotid 


arterv just below or at the bifurcation of 


the vessel. This was taken as the zero point 
in calculating the circulation times through 
the left carotid svstem. A series of roent- 
genograms at ๐ .7 second intervals was 
taken in the anteroposterior and lateral 
projections. At the completion of the studv, 
the cannula was removed and the bleeding 
was controlled bv digital pressure for a 
per_od of 3 minutes. 

This method of arteriography was de- 
veloped to provide a standardized tech- 
nique providing comparable zero points so 
that cerebral circulation time could be 
calculated from serial roentgenograms. In 
each case the injection was carried out at 


the same pressure with the same volume of 


contrast medium and the same delay. 

'The method as outlined above has proved 
to be a safe and satisfactory procedure for 
visualization of the cerebral circulation 
from the aortic arch to the jugular vein. By 
the use of Rochester needles for percutane- 
ous puncture of the brachial arteries, it 1s 
possible to introduce a short poly ethylene 

catheter into the vessels surgical 
exposure, In the few cases where the filling 
of the right carotid svstem was unsatis- 
factorv, we have found that the application 
of blood-pressure cuffs inflated to 200 mm. 


Krabbenhoft and J. S. Meyer Sepramner, 1963 


Hg to both upper extremities at the time of 
injection promotes better filling of the 
cerebral circulation. There has not been a 
single complication of retrograde brachial 
arteriography in 80 consecutive cases where 
this method has been used. Percutaneous 
puncture of the left common carotid artery 
with a Stille. Werner (PE 160) needle is 
technically more difficult than with the con- 
ventional No. 18 gauge needle but is recom- 
mended since after removal of the stvlet 
the blunt cannula is less liable to injure the 
intima of the artery. 


CALCULATION OF CEREBRAL 
CIRCULATION TIME 


In the case of the carotid svstem, the 
zero point was taken from the roentgeno- 
gram showing the medium at the bifurca- 
tion of the common carotid artery. As the 
contrast material circulates through the 
intracranial vessels, certain arbitrary points 
have been chosen for determination of cir- 
culation time. The 12 roentgenograms are 
viewed consecutively on a large viewing 
box. The time of arrival of the contrast 
medium at the origin of the anterior and 
middie cerebral arteries, and the filling of 
the major branches of these vessels, the 
terminal vessels, the capillary phase, the 
venous system, and the internal jugular 
vein were apparent and could easily be 
caleulated in seconds. The time from the 
zero point to the first appearance of the 
medm in the internal jugular vein was 
taken as the carotid to jugular circulation 
time. 

The circulation time through the verte- 
bral-basilar svstem was calculated from the 
zero point of opacification of the origin or 
frst part of the vertebral artery. The cir- 
culation times to the third part and fourth 
part of the vertebral artery, the basilar 
artery, the major branches of. the posterior 
Ei artery, the terminal branches of this 
artery, the capillary phase, and venous and 
ud filling were then calculated. It soon 
became an automatic procedure in viewing 
serial arteriograms to calculate the circula- 
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circulation time is probably the most prac- 
tical method of obtaining the two studies 
bv one technique vetretaining the accuracy 
of the latter. It would seem to be eminently 
applicable in clinical practice. It has be- 
come routine procedure for all cerebral 
arteriographv in this unit and has not been 
found to be any more time consuming than 
other methods of arteriography. The cost of 
the procedure (using 12 films in each view) 
has not proven excessive in a large series 
of routine cases. 

The use of the Rochester needle in 
brachial arteriography is a useful modifica- 
tion in technique because it combines the 
advantages of percutaneous puncture with 
catheterization of the vessel. The fact that 
the injection of contrast medium 1s made 
through a blunt catheter adds to the safety 
of the procedure since there is no risk of a 
sheath injection and no need for surgical 
repair of the artery and overlying tissues. 
Similarly, the use of the Stille- Werner PE 
160 needle for left carotid arteriography 
also allows injection of the medium through 
a cannula and minimizes the risk of sheath 
or periarterial injection. In the present 
study there were onlv 1 or 2 instances in 
which the visualization of the right carotid 
svstem was unsatisfactorv following the 
brachial injection. The method of applving 
a sphygmomanometer cuff on the left arm 
and inflating it to 200 mm. Hg just before 
injection? permitted excellent intracranial 
filling regularly. During any arteriographic 
study where circulation times are of 
secondary importance, poor filling of the 
right carotid system via retrograde brachial 
injection can be rectified by injection 
following the administration of § per cent 
CO, in oxygen for 5 minutes with a face 
mask. 

The possibilitv of alteration in cerebral 
hemodynamics by the injection itself was 
thought to be remote. There was little 
or no variation in blood pressure immedi- 
ately after injection and the figures for 
circulation time in the control group were 
the same in the carotid system on the two 
sides despite the percutaneous injection of 
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the common carotid arterv on the left side. 
For the same reason the effect of injecting 
contrast medium under pressure into the 
left common carotid artery was believed to 
be negligible. This has been confirmed ex- 
perimentallv in our laboratory where the 
injection. of 20 ml. of saline under high 
pressure into the common carotid artery 
of the monkev has been shown to have 
negligible etfect on intraluminal pressure of 


on the surface of the brain." 

Slowing of the cerebral circulation in 
arteriosclerotic disease of intra and extra- 
cranial vessels has been demonstrated and 
is of importance in consideration of the 
etiologv of cerebral vascular symptoms and 
in assessing therapy. 

All cases with generalized cerebral arte- 
riosclerosis in this series showed slowing of 
the cerebral circulation, particularlv in the 
terminal arterial bed. In vertebral-basilar 
and carotid insufficiency, there is a local- 
ized slowing of the circulation in the ap- 
propriate extra and intracranial svstem, 
frequently appearing as an accentuation of 
a diffuse slowing of cerebral circulation. 
In all cases it seems that the slowing of 
the cerebral circulation is the result of in- 
creased peripheral vascular resistance, prob- 
ablv due to arteriosclerotic changes in the 
terminal arterial bed. The etfects of hvper- 
tension must also be considered especially 
in vertebral.basilar disease in which a 
positive correlation with chronic hyper- 
tension has been reported.^? In severe 
hvpertension, in addition to slowing of the 
circulation time, there is a holdup of the 
contrast medium in the major branches of 
the intracranial vessels and poor terminal 
flling, indicating stenosing or occluding 
arteriolopathv, a pathologic change known 
to exist ไท hypertension. 

The development of an efficient. col- 
lateral circulation via the external carotid 
artery, the circle of Willis and the pial 
anastomoses probably depends upon lower- 
ing of intraluminal pressure, metabolic 
changes and consequent changes in the 
cerebral vascular resistance in those pa- 
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tients who survive occlusion of a major 
cerebral vessel. ™> The demonstration of an 
effective collateral circulation via the 
vertebral-basilar system in 2 of our cases 
with normal circulation times in 
them supports this view. The speed of the 
collateral circulation in both cases was 
remarkably fast in view of the obvious 
cerebral arteriosclerosis. Despite gross ar- 
teriosclerotic changes, the cerebral col. 
lateral vessels may be capable of respond- 
ing to hemodynamic and metabolic de- 
mands. The demonstration of a normal but 
localized circulation time through an arte- 
riovenous malformation in the presence of 
cerebral arteriosclerosis proves the i impor- 
tance of lowered cerebral vascular resist- 
ance in developing a collateral circulation. 
The marked decrease in cerebral circulation 
time and the increased opacification of the 
cerebral vascular tree following the in- 
halation of § per cent CO, in oxygen showed 
that grossly diseased vessels can still re- 
spond to metabolic changes in the brain 
with an alteration of cerebral vascular re- 
sistance. Undoubtedly 
severity of the disease is reached where the 
vessels are no longer able to dilate further 
In response to increased collateral require- 
ments. 


SUMMARY 


A combined method of serial arteriog- 
raphy and measurement of cerebral circu- 
lation time has been developed for the 
study of cerebral vascular disease. Various 
phases of cerebral circulation time obtained 
in the control series in this study compare 
favorably with those obtained bv other 
methods. In the 14 control cases the carotid 
to jugular circulation time was 5.6 seconds 
in TT and 4.0 seconds in 3 cases. Increase 
in cerebral circulation time was demon- 

‘ated in patients with generalized cere- 
bral arteriosclerosis and there was a holdup 
of the contrast medium in the terminal 
intracranial vessels. In vertebral-basilar 
disease there was a localized slowing of the 
circulation. through all of the vertebral- 
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basilar system, particularly in the terminal 
intracranial vessels. Patients with chronic 
severe > hypertension showed prolongation 
of TUN 0 ก ulation time with holdup 
of the contrast medium in the major intra- 
cerebral vessels, suggesting stenosis of the 
terminal arterioles. The profound cerebral 
vasodilator efect of § per cent CC 

oxygen in patients with marked cerebral 
arteriosclerosis and an associated decrease 
in cerebral circulation time was demon- 
strated. The importance of these observa- 
tions om the deve lopment of cerebral col- 
lateral circulation in man is discussed. 


John S. Meyer, M.D. 


Wayne Center for Cerebrovascular Research 
Harper Hospital 
Detroit :, Michigan 
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T HAS been shown that increasing the 

arterial carbon dioxide tension increases 
the cerebral blood flow in patients with 
normal cerebral vasculature, due to a de- 
crease in the cerebrovascular resistance. ™” 4 
This increase has been shown to be as much 
as 175 per cent when 5 to 7 per cent CO, is 
inhaled? In view of this, a study was under- 
taken to evaluate the effect of changes in 
end expiratory CO. tension on the normal 
cerebral angiogram. 


METHODS 


Twelve cerebral angiographic experi- 
ments were performed using 11 patients, 
none of whom were suspected of having an 
intracranial space occupving lesion and 
most of whom were being evaluated for un- 
localized cerebral seizures of long duration. 
In each case, percutaneous injection of the 
common carotid arteries was performed bi- 
laterally with No. 17 spinal needles and 8 
cc. of so per cent hypaque was injected us- 
ing a Gidlund power svringe, set at a pres- 
sure of 3.5 kilograms per square centimeter. 
biplane angiograms were 
made on each side in turn utilizing a Schó- 
nander film changer. The film changers 
were loaded with Kodak Blue Brand film 
and programmed variouslv from 1 to 4 
films per second for 8 to 12 seconds per 
examination. All of the hlms were processed 
in a Kodak X-omat automatic processing 
unit. 

All studies were done under general anes- 
thesia with nembutal and scopolamine pre- 
medication given 60 to 90 minutes prior to 
induction. Anesthesia was induced with 
intravenous surital (150 to 250 mg.) after 


which endotracheal intubation was accom- 
plished using intravenous succinyl choline 
(40-60 mg.). Fluothane (0.5 to 1.0 per cent) 
in nitrous oxide, 3 l./min., and oxygen, 2 
l./min., was used in a semi-closed system 
for maintenance. After adequate anesthesia 
was established, respiration was controlled 
using : a E nne ง Mes B | 
er infr: a R analyzer (Godart Cap- 
nograph type CG/58003) by continuous 
fractional sampling from the endotracheal 
tube connector.! Sampled gas was returned 
to the expiratory side of the anesthetic cir- 
cuit. It has been shown that alveolar CO: is 
an excellent approximation of arterial 

Lowering of the end expiratory CO, ten- 
sion was accomplished bv adjusting the 
ventilation. Once stability at a selected low 
n was mU the ก xd settings 


E CO. w were Bade E bi in Me 
a separate flow of CO, into the inspiratory 
side of the anesthetic circuit without alter- 
ing the controlled ventilation. Changing 
from high to low CO; was facilitated bv 
temporarily switching to manual ventila- 
tion after turning off the CO) source. 

In seven experiments, a low CO, tension 
of approximately 4.0 per cent (range, 3.9 to 
4.1 per cent) and a high tension of approxi- 
matelv 8.0 per cent (range, 7.8 to 8.1 per 
cent) were used. In four experiments, the 
high and low CO, tensions used in each case 
were the maximum and minimum tensions 
which could be safely achieved with the 
system. In these, the lower tensions ranged 
from 2.1 to 2.5 per cent and the higher ten- 
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Diagnostic X- -ray Department, Clinical Center (S.D. R.), and the Department of Anesthesiology, Clinical Center (L. J.T.) of the Na 
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sions from 8.0 to 8.8 per cent. To exclude 
reflex vasospasm as the cause for any angio- 
graphic changes which might occur, the 
order in which the angiograms were made, 


relative to high or low carbon dioxide 


Was 


) 


varied to include all possible combinations. 
The following roentgenographic evalua- 
tions were made for each experiment: 


7a 


b. 


An estimation was made of changes in 
circulation time due to the changes in 
end expiratory CQO, tension. This was 
done by comparing the duration of the 
arterial, capillary, and venous phases, 
on the study made during the high ar- 
terial pCO, level, with the duration of 
these phases on the angiogram made 
during low pCO.. 

The dimensions of various arteries and 
veins on the same side were measured 
grossly and compared on multiple 
roentgenograms made during high and 
low arterial pCO. 

Since the same roentgenographic fac- 
tors were used to expose films made 
during high and low arterial pCO, on 
any given patient, and since the film 


| 
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processing was the same in each in- 
stance, the two studies were compared 
for each experiment regarding the 
visualization of additional vessels and 
the relative appearance of the various 
vascular phases. 


RESULTS 


The effects noted due to alterations of 
end expiratory CO, levels were: 


4 


D 


F1G. 1. (4 and B) Cerebral angiograms obtained in the presence of an end expiratory CO» of 4 per cent. 





The cerebral circulation time was 
markedly decreased in the injections 
performed in the presence of a rela- 
tively high pCO, (Fig. 1). This was 
manifested as a decrease in the dura- 
tion of the arterial, capillary and ve- 
nous phases. Conversely, a very low 
pCO, prolonged the circulation time. 
In the seven experiments in which the 
low end expiratory CO, tensions were 
approximately 4 per cent, and the 
high approximately 8 per cent, no 
measurable difference in the size of 
the arteries was noted, except in one 
patient, when comparing the injec- 
tions done during high and low CO, 


8 sec 


C 


Fic. 1. (C and D) Cerebral angiograms of same patient obtained in the presence of an end expiratory CO» of 
8 per cent. Note the decreased circulation time and opacification of Jugular vein (J.V.) in the study 
made in the presence of a high end expiratory COs. 
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tensions. In the one patient whose 
arteries did change, they showed a de- 
crease in caliber on the angiogram 
made in the presence of a low pCO.. 
In the four experiments in which the 
low end expiratory CO, tensions were 
less than 4 per cent (range, 2.1 to 2.5 
per cent), however, a definite decrease 
in the caliber of the arteries and con- 
sistentlv poorer peripheral arterial 
visualization were noted, when com- 
pared with the angiograms done at 8 
per cent or higher (range, 8.0 to 8.8 
per cent) (Fig. 2). The degree to which 
these changes occurred, however, var- 
ied markedlv between patients. 

The size of the superficial veins was 
measurablv increased in the injections 
performed in the presence of a high 
pCO, (Fig. 3). 

Opacification of the jugular vein was 
seen more frequently and better on 
the angiograms made in the presence 
of ล high end expiratory CO; tension 
(Fig.'1 and 3). 

The cerebral angiograms obtained in 





the presence of a high pCO: generally 
separated out into three distinct 
phases: the arterial, capillary, and 
venous, while in the presence of a low 
pCO,, there was more overlap of the 
phases. 

f. The incidence and degree of filling of 
the posterior cerebral circulation, and 
filling of vessels of the opposite cere- 
bral hemisphere were increased in an- 
giograms obtained during low pCO.. 
This was especiallv noticeable at very 
low CO. levels. 

DISCUSSION 

Since the method of injection and the 
roentgenographic and anesthetic proce- 
dures were the same for angiograms made 
in the presence of both high and low pCO,, 
and since the high and low end expiratory 
CO, tensions were used in all possible se- 
quences, the differences seen on the roent- 
genograms made during the two injections 
on the same side on anv given patient could 
be attributed to the variation in the level of 
the pCO». Anoxia was not a factor since the 
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Fic. 2. (4) Maximal arterial phase cerebral angiogram obtained in the presence of an end expiratory CO, 
tension of 8 per cent. (B) Maximal arterial phase cerebral angiogram of the same patient obtained in the 
presence of an end expiratory CO, tension of 2.1 per cent. Note the smaller caliber of the cerebral arteries 
and the poorer peripheral arterial filling in the presence of a low COs tension. 
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Fic. 3. (4) Venous phase cerebral angiogram obtained in the presence of an end expiratory CO» of 4 per 

cent. (B) Comparable venous phase cerebral angiogram of the same patient obtained in the presence of 
an end expiratory CO» of 8 per cent. Note the dilatation of the superficial cerebral veins. This is especially 
noticeable in the superficial sylvian vein (arrows). Also, the jugular vein (J.V.) is opacified in, the presence 
of a high end expiratory CO}. 


BIO 


inspired gas contained at least 25 per cent 


oxvgen at all times. There was some initial 
concern that alterations in the blood pres- 
sure due to the changes in pCO, would af- 
fect the results. In the twelve experiments 
performed, however, the systolic and dia- 
stolic blood pressures changed no more than 
10 mm. of Hg between the injections done 
in the presence of high and low pCO,, ex- 
cept in two experiments. Of these two ex- 
periments, the systolic pressure changed 15 
other. In the latter patient, it was felt that 
verv light anesthesia during one of the in- 
jections contributed to the blood pressure 
fluctuation. The blood pressure changes in 
the experimental group were discounted as 
a significant factor in affecting the cerebral 
angiographic findings noted. 

It has been shown? that an increase in 
cerebral blood flow secondary to ล ท in- 
crease in cerebral CO,, due either to a local 
increase in metabolism or to an increase in 
endovascular CO,, is most likely due to the 
conversion of the CO; into HCO;- by the 
action of carbonic anhydrase. The HCO;- 
then in turn acts directlv on the vasculature 
to produce vasodilatation. This was demon- 
strated bv the fact that with the adminis- 
tration of the carbonic anhydrase inhibitor, 
acetazolamide (Diamox), the vasodilatory 
effect of an increased pCO, was inhibited. 

The results of our study show that the 
cerebral vasodilatory effects of CO», shown 
by others experimentally,??? can be de- 
tected angiographically. It is noteworthy, 
however, that while the CO, effects were 
readily apparent on the circulation time 
and on the caliber of the cerebral veins, in 
comparing angiograms performed during 
end expiratory CO, tensions of approxi- 
mately 4 per cent and 8 per cent it was not 
until end expiratory CO. tensions of below 
4 per cent were used that consistently de- 
tectable changes in the arteries were en- 
countered. 

With the effects of variations of the end 
expiratory pCO, on the normal cerebral 
angiogram'now documented, we are study- 
ing the effects of variation of the arterial 
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pCO: on the appearance of vessels within 
neoplasms and vascular lesions. If vessels 
within neoplasms and vascular lesions re- 
spond differently to changes in pCO, than 
do other cerebral vessels, it might be possi- 
ble to improve visualization of such lesions 
angiographically by altering end expiratory 
CO, tension. 


SUMMARY AND CONCLUSIONS 


A study is presented which outlines the 
effects of changes of end expiratory carbon 
dioxide tension on normal cerebral angio- 
grams. The results of the study indicate 
that alterations of arterial pCO, are associ- 
ated with the following angiographic find- 
ings: 

1. Raising the arterial pCO, decreased 
the cerebral circulation time while 
lowering the pCO, increased circula- 
tien time. 

Cerebral arteries had a smaller caliber 

amd there was poorer peripheral ar- 

terial filling on cerebral angiograms 
obtained in the presence of end ex- 
piratory CO, tensions of approxi- 
matelv 2.0 per cent when compared 
with those made during tensions of 
approximately 8 per cent. There was 
no consistent difference, however, in 
the caliber of the arteries or the de- 
gree of peripheral cerebral arterial 
filling when angiograms made during 

CO, tensions of 4 and 8 per cent were 

compared. 

3. Elevation of pCO, was associated with 
dilatation of the cerebral veins. 

4. Elevation of pCO, improved the 

angiographic visualization of the jugu- 

lar veins. 

Elevation of pCO, was associated 

with a tendency for the angiograms to 

separate into three, more distinct, 
phases: arterial, capillary and venous, 
without overlap. 

6. Decrease of pCO, increased the visual- 
ization of the posterior cerebral circu- 
lation and vessels of the opposite 
hemisphere. 
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With knowledge of the effects of altera- 


tions of end expiratory CO, tension on the 


normal cerebral angiograms, a studv is in 
progress to determine the effect of altera- 


tions of CO, tension on the appearance of 


vessels within cerebral neoplasms and vas- 
cular lesions. 

5. David Rockoff, M.D. 

Diagnostic X-ray Department 

Clinical Center 

National Institutes of Health 

Bethesda 14, Maryland 
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ARGE intracranial arteriovenous mal- 
formations usually present a character- 
istic angiographic appearance of grossly 
dilated and serpentine afferent and efferent 
vessels, a rapid circulation time, and a race- 
mose tangle of intrinsic vascularity. The 
angiographic findings of a smaller maltor- 
mation, on the other hand, may be more 
difficult to distinguish from those of a vas- 
cular brain tumor, particularly a malignant 
glioma with arteriovenous connections. 
There are numerous reports in the litera- 
ture of instances in which this differential 
diagnosis could not be made with certainty 
from the cerebral angiogram.! ^? 

The purpose of this study is to compare 
the angiographic vascular patterns of a 
group of arteriovenous malformations with 
those of a similar series of vascularized 
malignant gliomas in order to define the 
possibilities and limitations of their angio- 
graphic differentiation. 


ANGIOGRAPHIC MATERIAL 


The cerebral angiograms of 7o patients 
demonstrating arteriovenous malforma- 
tions and a similar number of cases of ma- 
lignant gliomas showing new vessel forma- 
tion on angiograms were reviewed. Appro- 
priate examples were selected for any re- 
semblance in their vascular patterns and 
locations. The roentgen angioarchitecture 
of these two groups was then critically 
compared. 


ANGIOGRAPHIC FINDINGS 


It is well known that the opacification of 
a drainage vein in the arterial phase of 
cerebral angiography, indicating rapid cir- 


culation time through arteriovenous con- 
nections, is characteristically seen in malig- 
nant glomas, particularly ghoblastoma 
multiforme (Fig. 1.7), as well as in arterio- 
venous malformations (Fig. 18).° There- 
fore, the angiographic demonstration of an 
arteriovenous shunt is of little value in 
differentiating malignant glioma from ar- 
teriovenous malformation. Since the pres- 
ence of these shunts is common to both 
groups, the characteristics of the afferent 
vessels, the intrinsic vascularitv and the 
efferent vessels, which together make up 
the total vascular complex, are often much 
more helpful in differentiating between 
these two lesions. 


i. INTRINSIC VASCULARITY 


A large ghoblastoma multiforme in the 
trontal lobe is shown in Figure 24. Figure 
2B demonstrates an arteriovenous malfor- 
matian of similar size and location. The 
most striking difference between these two 
vascular patterns is the widely scattered 
distribution of abnormal vessels in the gli- 
oma, while the congenital lesion presents as 
a relatively tightly packed conglomerate of 
pathologie vessels with few "brain spaces" 
present. This is merely a reflection of re- 
placement of brain tissue bv the malforma- 
tion. vessels, while there is tumor tissue 
interposed between the pathologic vessels 
in the ghoma. In addition, the tumor ves- 
sels are irregular in size, shape and configur- 
ation whereas with maltormation an organ- 
ized cluster of vessels of uniform caliber is 
seen. This combination of irregular vessels 
and large “tumor spaces" is a most valuable 
differential point in separating the malig- 


bad s Y ^ : * . ง B ^ * ^ . 
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Kia. 1. Arteriovenous shunts: (A) Glioblastoma draining veins (arrows). (B) Malformation draining 
veins (arrows). 


nant glioma from the malformation. 

A large ghoblastoma multiforme deep to 
the sylvian vessels (Fig. 3.7) and a malfor- 
mation in the same location (Fig. 38) dem- 
onstrate the same basic differences in in- 
trinsic vascularity described above. There 
Is also a suggestion of a peripheral arrange- 
ment of vessels in the glioma due to the 


relative hypervascularity of the growing 
“rind” of tumor tissue and the decreased 
vascularity in the central necrotic area. 
This is not seen in a malformation. 


II. AFFERENT VESSELS 


The arteries feeding a malignant glioma 
are either normal in caliber or mav be 





Fic. 2. 


Intrinsic vascularity: (4) Glioblastoma. (B) Malformation. 
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Fic. 3. Intrinsic vascularity: (4) Glioblastoma. (B) Malformation. 


slightly dilated (Fig. 4), while a malfor- 
mation characteristically shows consider- 
ably more dilatation and undulation of its 
afferent vessels (Fig. 45). The arterial 
trunk or trunks, however, supplving a mal- 
formation may have an identical appear- 
ance to that of a glioma. Therefore, it is 
important in this differential. problem to 
subdivide an individual atterent vessel into 


" 
tee - E 
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2 component parts: (I) the proximal 
arterial trunk, and (2) the terminal afferent 
twigs. 

An occipital lobe glioblastoma (Fig. 54) 
and a smaller malformation in a similar 
location (Fig. 58) show identical proximal 
arterial trunks, with the same degree of 
slight dilatation. It is interesting, however, 
that the malformation retains some undula- 





Vic. 4. Afferent vessels: (A) Glioblastoma (arrow). (B) Malformation. 


VoL. go, No. 3 


Intracranial Arteriovenous Malformation 


515 





Fic. 5. Terminal afferent twigs: (4) Glioblastoma (arrows). (B) Malformation (arrow). 


tion of its terminal afferent twig. This is a 
typical finding and this tortuosity does not 
tend to be eftaced regardless of the magni- 
tude of the mass effect from an associated 
intracerebral hemorrhage. The terminal 
twigs of a glioma have little terminal undu- 
lation, but are characteristically straight or 
stretched by the mass effect of the tumor. 
Also, the malformation terminal afferent 
vessel is seen to directly pierce the sub- 
stance of the intrinsic vascularity, a typical 
finding, while the glioma afferent vessels 
cannot be traced directly into the tumor 
vascularity, but tend to encircle the lesion. 
Often, no actual terminal twigs can be iden- 
tied with a glioma, only the arterial trunk. 
There may even be a direct continuity 
between the arterial trunk and the draining 
vein (Fig. 44). 

There are exceptional situations, how- 
ever. A vascularized ependymoblastoma in 
the occipital region with an associated 
temporal lobe cyst (Fig. 6/7) and a small 
malformation with a large intracerebral 
hemorrhage in the same area (Fig. 65) 
show some atypical features when a com- 
parison is made of the afferent vessels. It is 
unusual for the degree of dilatation and 
undulation of the arterial trunk to actually 
be more pronounced in the tumor; however, 


the terminal twig of the glioma is stretched 
(Fig. 74), while the vessel feeding the mal- 
formation characteristically retains a termi- 
nal undulation rather than becoming 
straightened or stretched bv the large he- 
matoma (Fig. 7 5). The glioma twig directly 
pierces the substance of the tumor vascular- 
ity, which 1s also uncommon. Shunting veins 
are seen in each case. Large “tumor spaces" 
are clearly present in the glioma, which also 
shows typically irregular and disorganized 
tumor vessels, while the malformation is 
visualized as an organized cluster of char- 
acteristically uniform vascular stippling. 


III. EFFERENT VESSELS 


Veins draining a malignant glioma are 
never huge, show limited undulation, and 
may be identical to those from an intra- 
cranial arteriovenous malformation. Occa- 
sionally, glioma veins may be narrowed 
terminally and may even become con- 
stricted into sinusoids. The efferent vessels 
from a malformation may become huge and 
tend to show undulation and redundancy. 

Figure 8, 4 and B shows a malignant 
glioma of undetermined type (biopsy) in 
the parietal region and a malformation in 
the same site. The veins draining the tumor 
show terminal constriction, while those of 
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Fic. 6. Proximal arterial trunks: (4) Ependymoblastoma (arrow). (5) Malformation (arrow). 


the malformation have a relatively normal 
appearance. Figure 38 shows a large mal- 
formation with veins of a magnitude never 
seen in a tumor. 

In Figure 94, a carotid arteriogram, a 
small vascular "spot" deep 1n the brain is 
demonstrated. À subsequent vertebral in- 
jection (Fig. 92) showed this lesion to be a 
maltormation fed bv the posterior cerebral 
vessels with a dilated galenic venous drain- 


age. Venous dilatation to this degree is not 
seen in a glioma. 

When a malformation is closely adjacent 
to a major arterial trunk (Fig. 10.7), indi- 
vidual afferent vessels mav not have devel- 
oped enough to be visible. If the nature of 
such a lesion is in doubt, a phlebogram may 
be diagnostic (Fig. 105), since again this 
degree of venous enlargement is not com 
patible with that of glioma. 





Vic. 7. Detail of Figure 6; (A and B) Terminal afferent twig (upper arrow). Draining vein (lower arrow). 





Occasionally, the circulation. through a 
malformation may be so rapid that little is 
seen on an early arterial roentgenogram 
other than a drainage vein (Fig. 11,7). The 
detail, however,does show a small collection 
of intrinsic vascularitv pierced bv a feeble 
afferent vessel (Fig. 115). If the demon- 
stration of a shunting vein is the onlv angio- 
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graphic finding, the exact nature of the le- 
sion might be impossible to determine. 


IV. MASS EFFECT 
While the degree of vascular displace- 
ment tends to be greater in a tumor than in 


ล malformation,’ a large glioblastoma mul- 
tiforme may be seen with no significant 
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Efferent vessels in malformation: (A) Carotid angiogram showing vascular “spot” (arrow). (B` 
gE — — ] 


Large galenic drainage visible on vertebral angiogram (arrow). 
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Fic. 10. Efferent vessels in malformation: (A) Lesion is demonstrated adjacent to major arterial trunks. 
(B) Phlebogram shows large venous complex. 


vascular displacement (Fig. 34 and 124). 
Conversely, an associated intracerebral 
hemorrhage from a ruptured anomaly may 
produce a very definite midline vascular 
shift (Fig. 128). 


V. SMALL LESIONS 


The smallest vascular lesion may have 


completely diagnostic angiographic fea- 
tures. A very small glioblastoma vessel 
complex is demonstrated in Figure 134. No 
direct afferent twig can be identified and 
the drainage vein tends to pinch off termi- 
nally. A small malformation of the same 
size (3 mm.) with a directly piercing and 
undulating terminal afferent vessel and a 





Fic. 11. Efferent vessels in small malformation: (A) Rapid filling of draining vein (arrow). (B) Feeble 
afferent twig visible (arrow). 
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lic. 12. Mass effect: (4) Glioblastoma (same case as Figure 34) with no appreciable vascular shift. 
(B) Displaced anterior cerebral artery from large hemorrhage secondary to small malformation. 


drainage vein is shown in Figure 138. Al- 
though associated with a huge hematoma, 
it is entirely typical. 

Of course, if only an isolated vascular 
"spot" is visualized on an angiogram, it 
must remain of uncertain significance.!? 


DISCUSSION 


The angiographic features found to be of 





value in differentiating vascularized malig- 
nant glioma and intracranial arteriovenous 
malformation are summarized in Table 1. 
While the exceptional case may be found to 
dety all of these diagnostic criteria, we 
believe that a careful consideration of each 
ditterential point will permit the accurate 
diagnosis to be made from the cerebral 
angiogram alone in almost every instance. 


Fic. 13. Small lesions: (4) Detail of 3 mm. glioblastoma “spot”? with no afferent vessel visible and con- 


stricted draining vein (arrows). (B) Detail of 3 mm. malformation 


arrow) and draining vein (lower arrow). 


‘ 


‘spot” with afferent twig (upper 
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ANGIOGRAPHIC CLUES IN THE DIFFERENTIAL DIAGNOSIS BETWEEN VASCULARIZED 
MALIGNANT GLIOMA AND INTRACRANIAL ARTERIOVENOUS MALFORMATION 
Malignant Glioma Ar enais Nee 

I. (a) Large "tumor spaces” invariably present Few "brain spaces" present between closely 
Intrinsic between scattered pathologic vessels (Fig. packed pathologic vessels (Fig. 14, 2B, 32, 


Vascularity 


rA, 24, 34, 4d, 54, 64, 7A and 84) 

(b) Vessels irregular in size, shape and con- 
figuration (lig. 14, 244, 34, 44, $d, 64, 
744 and 8.4) 


(c) Often peripheral arrangement (Fig. 1.7 
and 3,7) 


4B, 5B, 6B, ; B, 8B and 104) 

Vessels regular and uniform; appear as vascu- 
lar loops (Fig. 18), a racemose cluster (Fig. 
2B, 3B, 4B, 5B and 10-4), or a conglomerate 
of beading or stippling (Fig. 68, 7B and 88) 


I]. (a) May be normal (Fig. 1.7 and 34) May be normal (Fi ig. 6B) 
Afferent 
Vessels (b) May be slightly dilated (Fig. 2/7, 44, 54 Usually dilated to some degree (Fig. 14, 2B 
A. Proximal and 6-4) sB and 88) 
arterial 
trunks (c) Never of large caliber May be huge (Fig. 48) 

H. (a) Often cannot be identified (Fig. 1,7, 24, May not be identified if lesion is huge or 
Afferent 321, 4/4, BA and 134) located close to major arterial trunk (Fig. 2B, 
Vessels 3B, 9B and 104) 

B. Terminal 
arterial (b) Rarely can be traced directly into the Usually can be traced directly into the lesion 
twigs substance of the intrinsic vascularity (Fig. «B, 7B, 118 and 138) 
(Fig. 7.7) 
(c) Tend to encircle the lesion (Fig. 5,4) Mav encircle the lesion (Fig. 85) 
(d) Invariably straight or stretched from Usually retain some degree of undulation 
mass effect of neoplasm (Fig. £/Z and 7.2). (Fig. 5B, 7B and 138); rarely straight or 
stretched (Fig. 85) 

HI. (a) Often normal (Fig. 1.7 and 74) Often normal (Fig. 18,7 B, 8B, 1 Y aid 135) 
EHerent 
Vessels (b) Never large caliber May be of large caliber (Fig. 3B, 9B and 10B) 

(c) May have terminal constriction (Fig. 8.7 
and 13.4) 
IV. (a) Often pronounced May be pronounced from hematoma 


Mass Effect 


(b) May be limited or even absent (Fig. 124) 


(Fig. 124) 


Often limited or absent 
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Since the angiographic demonstration of 
a mass lesion by vascular shift will usually 
bring the patient to surgery regardless of 


the particular vascular pattern visualized, 
itis in the group of vascular lesions showing 


limited or absent evidence of a mass effect 
cerébral angiogram that the accurate 


on the 


interpretation of the roentgen angioarchi- 
tecture attains its greatest potential signif- 
cance. 


SUMMARY 


The angiographic vascular patterns of a 
group of arteriovenous malformations have 
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been compared with those of a similar series 
of vascularized malignant gliomas. A criti- 
cal analysis of the diagnostic criteria pre- 
sented, with particular emphasis on the 
roentgen angioarchitecture of the intrinsic 
vascularity, will enhance the probability of 
an accurate diagnosis in the problem case. 
John A. Goree, M.D. 

Department of Radiology 
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THE CEREBRAL ANGIOGRAM IN AGENESIS 
OF THE CORPUS CALLOSUM* 


By MYRON P. | 





OBLER, M.D., JEROME H. SHAPIRO, M.D., and DAVID I. M. FINE, M.D. 


NEW YORK, NEW YORE 


ITH the increased use of carotid 
arteriography, more of the congenital 
cerebral anomalies, with characteristic vas- 
cular patterns, have been observed. Such 
has been the case with agenesis of the cor- 
pus callosum. Recently, we had the oppor- 
tunitv to make this diagnosis on the basis of 
our findings on a carotid arteriogram in a 
previously unsuspected case. The diagnosis 
was later confirmed by pneumoencephalog- 
raphy. This experience has led us to com- 
pare our angiographic findings with those of 
other reported cases. À thorough review of 
the world literature revealed only 17 previ- 
ously described cases in 9 reports dealing 
with the subject, the majority originating 
in Europe. 


REPORT OF A CASE 


P.M. (X-Ray No. 180-068). The patient was 
a small, thin, 41 year old, left-handed white 
male who was in good health until 3 weeks prior 
to admission. At that time, he noticed a mild 
generalized headache which was not particu- 
larly disabling and which subsided in 3 or 4 
days. Ten days s prior to admission, the re 
had a convulsion. He suddenly fell to the 
ground and had clonic movements affecting his 
entire right side. He was unable to speak, but 
did not lose consciousness. During that day he 
had $ similar episodes. He was then given anti- 
convulsive medication, following which he be- 

came completely asymptomatic and was then 
able to report to work. 

The general physical examination was en- 
tirely within normal limits except for a non- 
transmitted grade 2 to grade 3 systolic murmur 
heard along the left sternal border. The neuro- 
logic examination did not reveal any focal 
neurologic abnormality. The patient was ori- 
ented in all three spheres. He appeared some- 
what below average intellectually; however, he 
was a good provider for his wife and 3 ล กา หร 
and functioned well in his job as a hospital por- 
ter. 


Laboratory Findings: An electroencephalo- 
gram อ ท September 6, 1961 disclosed left tem- 
poral theta activity 1n the range of 6 to 7 cycles 
per second and moderate to high ui tage sharp 
waves in the range of 9 to to cycles per second 
in the same area. Fasting blood sugar, blood 
urea nitrogen, complete blood count, serology, 
and serum alkaline phosphatase determinations 
were all within normal limits. Spinal fluid ex- 
amination showed a protein of 14 mg. per cent, 
a sugar of 7o mg. per cent and a negative 
serology. Roentgenograms of the skull and 
chest were not remarkable. 

Hospital Course: On September 1; ; left carot- 
id arteriography was performed and on Sep- 
tember 15 pneumoencephalography was done. 
No ill effects were suffered from either proce- 
dure and the patient was discharged on anti- 
convulsive therapy, having had an essentially 
uneventful hospital course. 

Findings on Left Carotid Artertography: In 
the anteroposterior projection no shift of mid- 
line structures was evident (Fig. 1). In the lat- 
eral projection the anterior cerebral and peri- 
callosal arteries did not follow the normal curve 
around the genu of the corpus callosum. In- 
stead, the anterior cerebral artery was straight- 
ened, and ran straight upward with a slight 
anterior concavity. Near the point where the 
normal anterior cerebral artery turns posteri- 
orly around the genu of the corpus callosum, it 
broke up into a number of small vessels ar- 
ranged in a radial fashion, which then wandered 
outward to the convexity of the brain (Fig. 2). 

The middle cerebral group was not remark- 
able. The internal cerebral vein and the great 
vein of Galen were elevated and straightened. 
In the anteroposterior projection, the venous 
angle was almost 9o degrees. In the lateral pro- 
jection, the striothalamic and internal cerebral 
veins were practically superimposed upon each 
other (Fig. 3, 4 and B). 

Findings on Pneumoencephalography: Al 7 of 
the classic criteria enumerated by Davidoff and 
Dyke! and described in detail below for making 
a diagnosis of agenesis of corpus callosum were 
present on this study (Fig. 4 through 7). There- 
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Fic. 1. Left carotid angiogram, frontal projection, 
arterial phase. Both anterior cerebral arteries are 
opacified and show some tortuosity. The middle 
cerebral group is normal. 


fore, this study confirmed the interpretation of 
the prior carotid arteriogram. 
DISCUSSION 

Agenesis of the corpus callosum is a rela- 

tively uncommon entity. Complete or onlv 

partial forms of this anomaly may occur. 

Extracranial mid-line congenital anomalies, 

such as cleft palate and hare lip, are some- 
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Fic. 2. Left carotid angiogram, lateral projection, 
arterial phase. The anterior cerebral and peri- 
callosal arteries do not follow the normal curve 
around the genu of the corpus callosum. The an- 
terior cerebral artery is straightened and runs up- 
ward with a slight anterior concavity. In the region 
of the normal genu, it breaks up into a number of 
small vessels arranged in a radial fashion which 
then wander outward to the vertex of the skull. 


times found in association with agenesis of 
the corpus callosum. 

The most frequently encountered symp- 
toms are epilepsy and varving degrees of 
mental and physical impairment. However, 
it is entirely conceivable that total agenesis 
may be present without any significant 





Fic. 3. Left carotid angiograms, venous phase, frontal (4) and lateral (B) projections. The internal cerebral 
vein and great vein of Galen are elevated and straightened. The venous angle is almost go degrees in 4. 
In B the striothalamic and internal cerebral veins are almost superimposed on each other. 
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l'1G. 4. Pneumoencephalogram, frontal erect projec- 
tion. Separation of the lateral ventricles and con- 
cavity of their medial borders are well seen. 


alteration in the mental or phvsical capac- 
itv of the individual. 
In 1934 Davidoff and Dyke! reported the 
954 


first roentgenologic diagnosis of agenesis of 


the corpus callosum based upon pneumo- 





lic. 5. Pneumoencephalogram, frontal supine pro- 
jection. This demonstrates angular dorsal margins 
of the lateral ventricles and elongation of the inter- 
ventricular foramina. Also notable is dorsal exten- 
sion, elevation, and dilatation of the third ven- 
tricle. 
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lic. 6. Pneumoencephalogram, right lateral erect 
projection. This demonstrates dilatation of the 
cauda! portions of the lateral ventricles, and dorsal 
extension, elevation and dilatation of the third 
ventricle. 


encephalography. In their classic article 
they listed the following diagnostic criteria: 
(1) marked separation of the lateral ven- 
tricles; (2) angular dorsal margins of the 
lateral ventricles; (3) concave medial bor- 
ders of the lateral ventricles; (4) dilatation 
of the caudal portions of the lateral ventri- 
cles; (5) elongation of the interventricular 
foramma; (6) dorsal extension, elevation 
and dilatation of the third. ventricle; and 





mid-line lateral 


Pneumoencephalogram, 
laminagram. This shows the radial arrangement 
of the medial cerebral sulci around the roof of the 
third ventricle and their extension through the 
zone usually occupied by the corpus callosum. 
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1 Maurer? yg4o 


2 Zellweger" 
1952 

3 Zellweger? 
1952 


4 Zellweger! 
1952 


5  Zellweger!? 
1952 


6 Zellweger! 
1952 


d 


Van Epps 3 
1953 


8 Sheldon and 
Peyman? 1953 


9 Sheldon and 
Peyman? 1953 


10 — Ruggiero? 1957 
tt Holman and 

MacCarty? 1959 
12 Holman and 


MacCarty? 1929 


3 Fischer? 1959 


Extrapyramidal 
syndrome. Age 33 


Mentally retarded. Mus- 
cular hypotonia, Age 21 


Mentally retarded. Athe- 
tosis, Age 13 


Idiot with muscular hypo- 
tonia. Age 2 


Mental retardation. Age 
13 


Idiot with ataxia, Age 5 


Convulsive disorder 


Convulsive disorder of the 
Jacksonian type. Not 
mentally retarded. Age 28 


Convulsive disorder of the 
Jacksonian type. Not 
mentally retarded. Age 24 


Post-traumatic encephal- 
opathy. Age «3 


Mental retardation, Dizzy 
spells associated with epi- 
sodes of unconsciousness. 
Age 19 


Convulsive disorder. Not 
mentallv retarded. Age 10 


Subarachnoid hemor- 


rhage. Age 29 


Anterior Cerebral and 
Pericallosal Arteries 





Follow an irregular course, producing 
only a very small arc as they go 
through the area where the genu of 


the corpuscallosum should normally he 


Fairly close to normal 


The normal curve is absent. The an- 
terior cerebral artery follows an ir- 
regular and wavy course 


The normal curve is absent. The an- 
terior cerebral artery divides into a 
number of branches which are ar- 
ranged in a radial fashion. The peri- 
callosal artery is absent 


Essentially the same as Case 4 


Essentially the same as Case 4 


The normal curve is absent. The an- 
terior cerebral artery first courses up- 
ward almost vertically, then turns 
sharply posteriorly, and then it and 
its pericallosal branch follow an ir- 
regular "wandering" course, as seen 
in both anteroposterior and lateral 
protections 


Essentialy the same as Case 7 


Essentially the same as Case 7 


The normal curve is absent. The an- 
terior cerebral artery forms irregular 
curves and follows a "wandering" 
course 


The normal curve is absent. There are 
several branches of the anterior cere- 
bral artery which riseabruptly superi- 
orly and show reversal of the norma! 
curves. These vessels run anteriorly, 
then "wander" upwards and back- 
wards 


The normal curve is absent. In the 
anteroposterior view the ascending 
portion of the anterior cerebral artery 
presents a "wandering" course, In the 
lateral view the findings are the same 
as in Case 11 


The normal curve is absent, There is 
an abnormal division of the anterior 
cerebralarterv into two main branches, 


(Continued on the next page) 






Middle Cerebral 
Group 


Not remarkable 


Not remarkable 


Not remarkable 


Not remarkable 


Not remarkable 


Not remarkable 


Slightly elevated 


Not remarkable 


pA: 


Marked upward dis- 
placement of the inter- 
nal cerebral vein and 
great vein of Galen 


Essentially the same as 
in Case 8 


Upward displacement 
of the great vein of 
Galen and the internal 
cerebral vein 


Sight posterior and 
upward displacement 


of the venous angle 


Slight upward displace- 
ment of the internal 
cerebral vein 
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17 
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Author 


Fischer? 194 
Q9 


Fischer? 1559 


Kozlowski and 


Alapinf 1961 


Kvicala® 1951 


Present Authors 


1961 


Clinical Data 


Convulsive disorder. and 
mild mental retardation. 
Age 18 


Canvulsive disorde 
45 


r. Age 


Mental retardation. Para- 
noia, Signs of organic cere- 
bral disease. Age 48 


Syncopal episodes with 
intermittent and transient 
right and left hemiparesis. 
Age 48 


Convulsive disorder. Not 
mentally retarded. Age 41 


Table I (Continued) 


Anterior Cerebral and 
SR Arteries 


one ascending ver Pad ud "P Bs 


running posteriorly and horizontally 


The normal curve is absent, The an- 
terior cerebral artery rises vertically 
and bifurcates 


The normal curve is absent. There is 
an abnormal division of the anterior 
cerebral artery similar to that seen in 
Case 14 


The normal curve is absent. The an- 
terior cerebral artery, when it reaches 


the midline, divides into a number of 


hypoplastic (Ae, poorly developed? 
branches, which are arranged in a 
radiating fashion, as they run out- 
ward to the convexity 


The normal curve ts absent. The an- 
terior cerebral artery rises vertically 
to approximately the position of A-4 
and then makes a sharp turn back- 

wards. It and its pericallosal branch 
follow an anomalous and undulating 
course 


The normal curve is absent, The an- 
terior cerebral artery mses vertically 
with a slight reversed curve, then 
branches into a number of small ves- 


sels arranged in a radia! fashion, which 


wander outward to the convexity 


Middle Cerebral i 


Group 


Normal 


Normal 


Normal course, 
although 
branches shuht- 
ly hypoplastic 


Not remarkable 


Not remarkabie 
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Venous Phase 


Slight upward displace- 
ment of the great vein 
of Galen 


The internal cerebral 
vein is elevated and 
displaced posteriorly 


The internal cerebral 


vein and great vein of 
Galen are elevated and 
straightened 
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(7) a radial arrangement of the medial 
cerebral sulci around the roof of the third 
ventricle and their extension through the 
zones usually occupied by the corpus cal- 
losum. 

It was not until 1940, however, that 
Maurer? reported the angiographic findings 
of agenesis of the corpus callosum in a case 
which had been previousiv diagnosed bv 
pneumoencephalography. Since that time, 
16 additional cases have been reported, all 
having been confirmed by  pneumoen- 
ceph alography, which, in the majority of 
cases, was performed prior to cerebral 
arteriography. In Table 1 we have summa- 
rized all the cases with special attention to 
the angiographic features. The angio- 
graphic findings are generally best appre- 
ciated in the lateral view, unless otherwise 
noted in the table. 

From an analvsis of these angiographic 


findings, we may conclude that agenesis of 


the corpus callosum presents the following 
angiographic picture: 

1. Loss of the normal curve produced by 
the anterior cerebral and pericallosal ar- 
teries as they pass around the genu of the 
corpus callosum and follow a gentle convex 
curve along the upper border of its body. 

2. Anomalous course of the anterior 
cerebral arterv, which rises almost verti- 
callv from its origin and then either: (a) 
rapidly divides into a number of small 
branches arranged in a radial or radiating 
pattern as they course outward toward the 
convexity (Cases 4, 5, 6, 11, 12, 16 and 18); 
or (b) makes a sharp, almost right-angle 
turn backward and then follows a wander- 
ing course posteriorly, frequently giving off 
a large (anomalous) branch (Cases 1, 3, 7, 
8, 9, IO, 13, 14, I§ and 17). 

3. The middle cerebral group may be 
normal or, rarely, slightly elevated. 


4- The internal cerebral vein and. great 
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vein of Galen are frequently displaced 
upward and posteriorly (Cases 7, 8, 9, 10, 
11, 12, 14,17 and 18). 

When one considers the anatomy of the 
corpus callosum and its relationship to 
surrounding structures and blood vessels, 
the angiographic findings present in agene- 
sis of this structure become readily appar- 
ent. The corpus callosum, and especially its 
genu portion, serves as the base or frame- 
work upon which the anterior cerebral and 
pericallosal arteries must lie, and to which, 
in a sense, these vessels are molded. ' Thus, 
in its absence, these vessels are without the 
fairly rigid framework they would normally 
have and tend to wander and follow atypi- 
cal patterns. Cases 1 and 2, which are not 
greatly abnormal, may represent examples 
of partial absence of the corpus callosum, 
with the part of the structure that is actu- 
ally present accounting for the semblance 
of normality that is observed on the e angio- 
gram. In addition, when the corpus callo- 
sum 1s absent, there is typically elevation 
and dorsal extension of the third ventricle. 
Thus, the internal cerebral vein, which lies 


in the roof of the third ventricle, must of 


necessitv be elevated as well. 


SUMMARY 


The eighteenth reported case of the an- 
glogi raphic findings in agenesis of the corpus 
callosum is presented and the previous 17 
cases are summarized and categorized. The 
typical angiographic findings are: 

1. Loss of the normal curve of the ante- 
rior cerebral and pericallosal arteries. 

. The anterior cerebral artery rises 
almost vertically from its origin and then 


either rapidly divides into a number of 


y arranged, 
or else makes a sharp right angle turn pos- 


small branches which are radially 


Agenesis of the Corpus Callosum Ray 


terlorly and follows a “wandering” course, 
frequently giving off a large (anomalous) 
branch. 

3. The middle cerebral group may. be 
normal, or, rarelv, slightlv elevated. 

4. The internal cerebral vein and great 
vein of Galen are frequently displaced up- 
ward and posteriorly. 


Jerome H. Shapiro, M.D. 

Division of Diagnostic Radiology 
Montefiore Hospital 

21oth Street and Bainbridge Avenue 
New York 67, New York 
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SUBCLAVIAN STEAL SYNDROME? 


By ISRAEL STEINBERG, M.D., 


1 and MORDECAI HALPERN, M.D. 


NEW YORK, NEW YORK 





N AN Editorial in the November 2, 1961 

issue of The New England Journal of 
Medicine the term, "the subclavian steal,” 
was coined.? The paper of Reivich and his 
colleagues? on the reversal of blood flow 
through the vertebral artery and its etfect 
on cerebral circulation formed the basis of 
this editorial. The authors, using brachio- 
cephalic arteriography and an electro- 
magnetic flowmeter, showed that cerebral 
insufficiency could be caused by reversal of 
the blood flow from the opposite vertebral 
artery. Thev described 2 2 patients and re- 
produced the condition in experimental 
animals after occlusion of the left subclav- 
ian artery near its origin in the aortic arch 
proximal to the vertebral artery. Subse- 
quently, Mannick and his associates® also 
the subclavian steal svndrome in 

2 patients, one of whom had had obstruc- 
tion of the proximal portion of the right 
subclavian artery, a “right-sided subclavian 
steal." Recently, North e al took excep- 
tion to designating it the subclavian steal 
syndrome, declaring it a misnomer because 
in their opinion the condition was due to 
insufficiency in the arm with secondary 
basilar artery insufficiency, 7.e., "brachial- 
basilar insufficiencv.” They also cited Con- 
torni! who in 1960 first called attention to 
the siphoning effect of cerebral blood flow 


when there was subclavian artery occlu- 
sion. Toole and Fields? at the Third 


Princeton Conference on Cardiovascular 
Disease in 1961 also reported retrograde 
vertebral artery blood flow associated with 
subclavian arterv occlusive disease. 

In this report the roentgen features of the 
subclavian steal syndrome are presented in 
2 patients with occlusion of the left sub- 
clavian arterv. The significance of such 


findings for diagnosis and treatment of a 
potentially curable type of cerebrovascular 
insufficiency is obvious. 


METHOD AND MATERIAL 


The Seldinger method of percutaneous 
femoral arteriography was used to intro- 
duce a catheter into the right femoral 
artery for selective arteriography of the 
brachsocephalie arteries in 2 patients with 


symptoms of cerebral insufficiency and 
signs of left subclavian artery obstruc- 


tion.* Serial roentgenography (2 films per 
second) was provided by the Schónander 
apparatus. Ten milliliters of dilute contrast 
material were injected with a mechanical 
device. A repeat injection of 10 ml. dilute 
contrast agent was made for the additional 
study in another projection. No outward 
reactions occurred. 





RESULTS 

Occlusion of the left subclavian artery 
close to origin was evident in both 
patients (Fig. 14 and 3). The remainder 
of the it bites arteries (the innom- 
inate, left common carotid arteries, and 
their branches) was intact. Serial studies 
showed retrograde filling of the left verte- 
bral and distal portions of the subclavian 
arteries (Fig. 15, 1C and 2 5). 


DISCUSSION 





Despite the objections of North and 
colleagues,’ the designation subclavian 
steal svndrome seems destined to survive 
in the literature. A glance at the illustra- 
tions of the retrograde blood flow via the 
left vertebral artery with filling of the 
distal portion of the left subclavian artery 
(Fig. 15, 1C and 28) because of occlusion 


* From the Departments of Radiology and Medicine, The New York Hospital-—Cornel! Medical Center, New York, New York. 
Supported by The Health Research Council of The Ci ity of New York under contract U- -1084. 
t Investigator of The Health Research Council of The City of New York under contract 1-298. 
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of the left subclavian arterv at its origin 
(Fig. 1,7, 24 and 3) justifies the emphasis 
on the role of the subclavian arterv occlu- 
sion as the factor for the "steal" from the 
cerebral circulation.? 

The mechanism of reversed blood flow 
through the vertebral artery appears to be 
the fall in blood pressure caused bv the 
subclavian artery occlusion proximal to the 
origin of the vertebral arterv. Indeed, as 
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Fic. 1. Case 1. Frontal brachiocephalic arteri- 
ograms of a 56 year old man with a 4 year 
history of recurrent attacks of numbness 
and weakness of both arms on exercise. Left 
arm pulse weak, blood pressure 85/64 mm. 
Hg, compared to 130/64 in right arm. (4) 
Great vessel arteriogram showing occlusion 
of the left subclavian artery at its origin 
(arrow). (B) One second later, retrograde 
opacification of the left vertebral artery is 
beginning (arrow). (C) In the next second, 
the distal portion of the left subclavian 
artery is well opacified (arrow). 


2,6,7,8 


reported, measurements of blood fow 
with an electromagnetic flowmeter in both 
of the cases verified the reversed blood flow. 
To compensate for the reversed blood flow, 
an increased amount of blood must either 
be brought to the basilar artery or else be 
siphoned from the carotid artery svstem 
through the circle of Willis. Cerebral insuff- 
ciency may occur either because,of demands 
of blood owing to exercise of the arms, or 
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lic. 2. Case 1. Oblique brachiocephalic arteriograms. (7) Nonopacification of the left subclavian artery owing 
to occlusion is evident. (5) Retrograde opacification of the left vertebral and distal subclavian arteries at 33 
seconds after injection showing “the subclavian steal” from the cerebral circulation. 


else when there is inadequate blood flow ot 
the collateral channels in the brain stem.’ 
In Case 1, the symptoms of cerebral insuffi- 
clency were recurrent and transient. In 
Case 11, the ischemia had progressed sufh- 
ciently to produce left hemiplegia. 
Endarterectomy of the subclavian artery 
occlusion site appears to be the method of 
choice for correction of the reversed blood 
flow??.9,$ and was employed in Case 1. 
Ligation of the affected vertebral artery to 
prevent the “steal” was performed by Rob? 
and was also used in Case 11 because the 
poor condition of the patient precluded the 
more extensive endarterectomy operation. 
It would appear that the syndrome of the 
subclavian steal results when the occlusion 
or stenosis of the subclavian artery occurs 
immediately proximal to the vertebral 
artery origin. Review of arteriograms of 


other patients with subclavian artery 
occlusion distal to the origin of the cor- 
responding vertebral artery did not dem- 
onstrate the siphoning phenomenon. As 
suggested in the Editorial, considerable 
data regarding the understanding of the 
patterns of cerebral blood flow in cerebro- 
vascular disease are bound to follow the 
increasing use of the extracranial arteriog- 
raphy prior to operation and the electro- 
magnetic flowmeter during surgical correc- 
tion of extracranial vascular occlusive 
disease. 
SUMMARY AND CONCLUSIONS 

Brachiocephalic arteriography in 2 pa- 
tients with symptoms of cerebrovascular 
insufficiency. (intermittent claudication of 
the arms in one and hemiplegia in the 
other) demonstrated the subclavian steal 
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FiG. 3. Case 11. Sixty year old man with left hemi- 
plegia of recent onset. This was preceded by weak- 
ness of left radial pulse and differences in blood 
pressures, right 140/80 mm. Hg; left 110/70. 


Oblique brachiocephalic arteriogram showing 
occlusion of the left subclavian artery. A later 
serial study was identical to that shown in Figure 
3B. Gradual subsidence of the hemiplegia followed 
ligation of left vertebral artery. 


syndrome. This syndrome occurs when 
subclavian artery occlusion proximal to the 
origin of the vertebral artery causes a 


lowered pressure, so that there is reversal of 


blood flow owing to retrograde filling of the 
vertebral and subclavian arteries beyond 


the point of obstruction. The importance of 


this finding is that endarterectomy of the 
occluded subclavian artery remedies cere- 
brovascular insufficiency in such instances. 
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Thus, still another means of alleviating 
extracerebral strokes is provided. 

Israel Steinberg, M.D. 
The New York Hospital 
525 East 68th Street 

New York 21, New York 


Cornell Medical Center 
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THE SUBCLAVIAN STEAL SYNDROME* 


By MARTIN J. FISCHER, M.D., and WILLIAM E. MATTEY, M.D. 


EAST ORANGE, NEW JERSEY 


RTERIAL compromise from athero- 
sclerosis with resultant symptoms of 
insufficiency may selectively impede the 
blood supply to the brain, heart, kidneys, 
gut, or the extremities. Recent angio- 
graphic demonstration of unilateral prox- 
imal subclavian arterial occlusion and re- 
versal of ipsilateral vertebral arterial col- 
lateral blood flow, producing svmptoms of 
claudication in. the upper extremitv and 
central nervous svstem involvement, was 
first reported by Reivich ef a/.? as “The 
Subclavian Steal Syndrome.” The 
clavian arterial occlusion mav be left-sided 
or right-sided, and it mav not be associated 
with cerebral symptoms in the absence of 
cerebral vascular disease.? The main avenue 
of collateral circulation in the presence of 
occlusion of the proximal portion of the 
subclavian artery is the vertebrovertebral 
arteries, but the other collaterals involved 
may be the external carotid-vertebral, 
external carotid-thvrocervical, external car- 
otid-thvrocervical, external carotid-costo- 
cervical, those between the inferior thy- 
roids, and between the internal mammarv 
arteries.” 


su b- 


REPORT OF A CASE 


This 62 vear old white male was admitted 
with the chief complaint of progressive pain 1 ท 
the left hand and finger tips of 10 davs' dura- 
tion. The patient was known to the Chest 
Service because of pulmonary 
(last positive sputum November, 1961). He had 
been on triple drug therapy since May, 1961. 
For 10 days prior to admission, the patient also 
noted progressive blanching and paresthesias. 

Physical examination the blood 
pressure in the right arm to be 130, 70 and the 
blood pressure in the left arm to be 82/68. The 
right radial pulse was 88 and regular, but the 
left radial pulse was absent. The temperature 
was 98.6°F. The patient was an oriented, well 
developed, thin white male in no acute distress. 


tuberculosis 


revealed 





Fic. t. Injection phase. Arteriogram demonstrating 
the aortic arch, innominate artery, right common 
carotid artery, right vertebral artery, right sub- 
clavian artery, left common carotid artery, and 
occlusior of proximal left subclavian artery. 


The head, eyes, nose and oral pharynx were all 
unremarkable and normal. His neck was supple, 
the veins were flat, and there was no lymph- 
adenopathy. The thyroid gland was unremark- 
able and the trachea in midline. Carotid arterial 
pulsations were bilaterally equal and good; no 
thrill or bruit was noted. The chest was sym- 
metric without tenderness to palpation. The 
lungs were clear to percussion and auscultation. 
Cardiac auscultation revealed no cardiomegaly, 
no murmurs, and no gallops. The cardiac 
rhythm was regular. The abdomen was soft, 
flat, and faccid. The liver, spleen, and kidneys 
were not palpable. The bowel sounds were 
normal. The rectum and genitalia were unre- 
markable. The lymphatics were negative. Both 
lower extremities were normal with good pulsa- 
tions. The left hand revealed mild cyanosis and 
felt cooler than the right hand. There was ex- 
quisite pain to palpation of the left finger tips. 
The pulsations of the right axilla, elbow, and 
wrist were normal. The pulsations of the left 
axilla anc elbow were markedly diminished 
and absent at the wrist. 

Neurologic examination revealed no slurring 
of speech. There was no blurred vision, no 


* From the Department of Radiology, Veterans Administration Hospital, East Orange, New Jersey. 
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dizziness with motion of the left upper extrem- 
ity, no disturbance in gait and all deep tendon 
reflexes were normal. 

The chest roentgenogram demonstrated old, 
unchanged pulmonary tuberculous infiltrates 
in both upper lungs and no evidence of cervical 
ribs. 

Arteriography of the aortic arch was per- 
formed by means of percutaneous catheteriza- 
tion of the right femoral artery. Roentgeno- 
grams were taken at the rate of 2 per second 
tor 4 seconds. These disclosed complete occlu- 
sion of the proximal segment of the left sub- 
clavian artery. The innominate, right common 
carotid, right vertebral, right subclavian, and 
left common carotid arteries were visualized on 
the injection phase arteriogram (lig. 1 and 3). 
The left vertebral artery and left subclavian 
artery distal to the occlusion were demonstrated 
by retrograde filling on the delayed sequential 
arteriogram (Fig. 2 and 3). The left subclavian 
artery narrow distal to the 
Atherosclerosis was felt to be the basis for the 
subclavian arterial occlusion. A diagnosis of the 
subclavian steal syndrome was made. 


was occlusion. 


SUMMARY 


The subclavian steal syndrome is de- 
scribed and a case report presented. Sub- 
clavian arterial occlusion with resultant 
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Fic. 2. Delayed phase. Arteriogram demonstrating 
the left vertebral artery and left subclavian artery 
distal to the site of occlusion. Opaque catheter in 
the aorta. Old pulmonary tuberculous infiltrates 


in the right upper lung. 


claudication of the upper extremity, as 
demonstrated by arteriography, is depend- 
ent upon an unimpeded collateral circula- 
tion. 


William E. Mattey, M.D. 
Department of Radiology 
y. A. Hospital 


East Orange, New Jersey 
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Fic. 3. Drawings simulating angiographic action of the vertebrovertebral arterial collateral circulation. (4) 
Injection phase. AA—Aortic arch; B—basilar artery; Cl—left common carotid artery; Cr—right common 


carotid artery; and I—innominate artery. (B) Delayed phase. SI 


left subclavian artery;-Sr—right sub- 


clavian artery; Vl—left vertebral artery; Vr—right vertebral artery; and O—site of occlusion. 
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CLINICAL 


AND ROENTGENOGRAPHIC ASPECTS 


OF THE SUBCLAVIAN STEAL SYNDROME* 


By ROBERT N. ASHBY, M.D,, 


BILL G. KARRAS, M.D,,t and ABRAM H. CANNON, M.D. 


CHICAGO, ILLINOIS 


HE term “subclavian steal” syndrome 

has been applied to obstruction of the 
subclavian artery at its origin, with collat- 
eral flow through the vertebral.basilar SVS- 
tem by reversal of flow in the vertebral 
artery on the affected side. To our knowl- 
edge, the first such case was described bv 
Contorni! in the Italian literature in 1960. 
The first such cases described in the Ameri- 
can literature were reported by Reivich and 
his co-workers? in 1961. Including the 
original report, we have been able to find à 
total of 18 published cases. * 5*5. *!9 Five 
additional cases are presented เท this paper, 
bringing the total to 23. These facts indi- 

cate that the lesion is not as rare as previ- 

bus believed. Radiologists should be 
aware of this lesion, since it may contribute 
to severe cerebrov: iscular insufficiency and 
can be corrected surgicallv. 

In addition to presenting $ new cases, 
the clinical and roentgenographic aspects 
of the previously described cases will be 
summarized. All of our cases were initially 
diagnosed by the method of percutaneous 
brachial angiography, described by the 
authors.^*? In this method, the brachial 
artery is cannulated percutaneously with 
a special needle (Karras needle for brachial 
aortography) and the contrast medium is 
injected under pressure, reversing the direc- 
tion of blood flow in the brachial-subclavian 
system. If the injection is into the right 
brachial artery, the right vertebral and 
right common carotid arteries are visual- 
ized. If the injection is into the left brachial 
artery, the left vertebral and subclavian 
arteries are visualized. This method has 
replaced direct puncture vertebral angiog- 
raphy and right carotid angiography in 
this hospital in the evaluation of patients 


erebrovascular, neu- 
conditions. 


undergoing study for c 
rosurgical and a tol 


REPORT OF CASES 


Case r. F. M., a 37 year old female, was ad- 
mitted to the hospital with intermittent claudi- 
cation in the feet and ankles for about 1 year 
and complaining of a feeling of “tiredness” in 
the left arm on raising it above her head for 
longer than 1 or 2 minutes. The latter complaint 
had been present for about 3 months. In addi- 
tion, the patient stated that she had had sev- 
eral episodes of visual blurring which would last 
several minutes and were followed by rather 
severe frontal headaches. A translumbar aorto- 
gram revealed bilateral occlusions of the super- 
ficial femoral arteries. A percutaneous right 
brachial angiogram showed that the right 
internal carotid artery was stenotic at its 
origin, In addition, the left vertebral artery was 
found to fill in a retrograde fashion from the 
right vertebral artery (Fig. 1, 7, B and C). The 
contrast medium continued to flow in a retro- 
grade direction until it reached the level of the 
subclavian artery which filled both proximal 
and distal to the origin of the left vertebral ar- 
tery. The subclavian artery filled to within 1.2 
cm. of the aortic arch. A left percutaneous ca- 
rotid angiogram showed normal common, ex- 
ternal and internal carotid arteries on the left. 
There was extravasation of contrast medium 
about the left common carotid artery. Imme- 
diately following this study, the patient became 
confused and aphasic, and weakness of the nght 
side of the body was noted. These findings 

cleared completely in the next 3 days. Bilateral 

lumbar sympathectomies were per ศศ ซี fol- 
lowed in 1 week by right internal carotid end- 
arterectomy. The patient was discharged with 
a markedly increased exercise tolerance and was 
completely free from neurologic symptoms. 


Comment. This case illustrates that the 
reversed flow did not impair the cerebral 


* From the Department of Radiology, Chicago Wesley Memorial Hospital and Northwestern University Medical School, Chicago 


Iiinois. 
T Present address: El Camino Hospital, Mountain View, C 


California. 
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Fic. 1. Case 1. Percutaneous right brachial 
angiograms showing (4) initial filling of 
normal right subclavian, common carotid 
and right vertebral arteries (note stenosis at 
origin of the right internal carotid artery); 
(B) beginning retrograde opacification of 
the left verebral artery; (C) opacification of 
the lett vertebral artery and the left sub- 
clavian artery distal to occlusion, 
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circulation suthciently to produce symp- 
toms after the carotid blood flow was re- 
stored to normal by surgery. Prior to 
operation, she depended mainly on the 


normal left carotid arterv to maintain 
sufficient. cerebral. blood flow. Extravasa- 


tion of contrast medium about the left com- 
mon carotid artery compromised the cere- 
bral blood flow enough to produce cerebro- 
vascular insufficiency for 3 davs. 


Case 11. R. W., a 41 year old male, was ad- 
mitted to the hospital for hematuria. His first 
episode occurred about 4 months previously 
and hospitalization at that time revealed hyper- 
tension which had not been present 6 months 
before. At the first hospitalization, the patient 
noted the first of several episodes of visual blur- 
ring. It was difficult to obtain a blood pressure 
reading in the left arm. At the present admis- 
sion, the patient also complained of visual 
blurring, weakness of the legs and slight pain in 
the right lumbar area. Pertinent physical find- 
ihgs on admission included left arm blood pres- 
sure of 146/115 and a right arm blood pressure 
of 180/124. The left subclavian pulse was ab- 
sent and bruits were heard over the right 
carotid and left subclavian arteries and in the 
epigastrium. Neurologic examination was nega- 
tive. A few days after admission, the patient 
had a subarachnoid hemorrhage for which no 
etiology was found. After the residual svmp- 
toms from this episode cleared, percutaneous 
right brachial angiograms (Fig. 2, 4, B and C) 
showed stenosis of the right internal carotid 
artery and demonstrated, 1 ท addition, retro- 
grade filling of the left vertebral artery from 
the right vertebral artery. Further studies dem- 
onstrated an arterial stenosis of the right renal 
artery, which was treated surgically with good 
ก: Five months postoperatively, the pa- 
tient was normotensive and continued to have 
some visual blurring, but there had been no 
significant progression of his cerebral symp- 
toms. 





Case m. M. F., a so year old housewife, was 
admitted to the hospital to determine the cause 
for a marked difference of blood pressures in 
her two arms. She was known to have been 
hypertensive for the past 1o years, and the 
difference in blood pressure in the two arms had 
been documented for 7 years. Three months 
prior to admission, she had experienced several 
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"dizzy spells," which were tollowed by weak. 
ness of the right side of the body for several 
hours. She had been hospitalized elsewhere at 
that time for investigation of these symptoms. 
Cerebral angiograms and pneumoencephalo- 
grams made at that time were normal. Physical 
examination revealed the following pertinent 
findings: blood pressure in the right arm was 
210/100 and in the left arm 160/100, A bruit 
was heard over the entire anterior aspect 
of the neck. The neurologic examination was 
negative. Percutaneous right brachial angio- 
grams (Fig. 3, 4-D) showed a slight narrowing 
at the origin of the right vertebral artery and 
the left vertebral artery was found to fill in a 
retrograde manner from the right vertebral 
arterv. The contrast material flowed through 
the entire left vertebral artery in a retrograde 
direction and filled the left subclavian, both 
proximal and distal to the origin of the vertebral 
artery. The proximal filling of the subclavian 
extended to within 1.3 cm. of the aortic arch. 
In addition, there were prominent collaterals 
through the inferior and superior thyroid 
arteries. The right carotid artery was normal. It 
was decided to withhold surgical correction 
until such time as the patient had progression 
of her neurologic symptoms. 


Case 1v. C. D., a 60 year old white male, was 
admitted to the hospital after being told by a 
physician that he had no pulse in the right arm. 
The only symptoms of which the patient com- 
plained were occasional dizzy spells and visual 
disturbances (loss of part of the visual field of 
either eye). These symptoms were totally un- 
related to activitv and to each other. The 
symptoms would last only a few minutes and 
would then clear, leaving no residual sequelae. 
Physical examination on admission revealed the 
following pertinent findings: the blood pressure 
in the left arm was 148/102 and in the right arm 
102/98. There were no palpable pulses in 
the right arm. A bruit was present in the right 
side of the neck. Percutaneous left brachial 
angiograms (lig. 4, A, B and C) showed that 
the deep cervical branch of the left costo- 
cervical trunk was enlarged and tortuous. This 
vessel anastomosed with the corresponding 
vessel on the right side of the neck, which filled 
in a retrograde fashion and faintly opacified the 
right subclavian artery distal to the occlusion. 
The patient had been in congestive heart failure 
in the past and was being maintained อ ท 
digitalis, so surgery was not performed. 
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[“16. 2. Case u. Percutaneous right brachial 
grams showing (4) opacification of 
common carotid and internal carotid 
es and of the right vertebral artery 
stenosis at origin of the right internal 
(B) opacification of the 


angi 
righit 
arter 
(note 

carotid artery); 

intracerebral branches of the right internal 
carotid and basilar arteries with retrograde 
opacification of the left vertebral artery; 


(C) further retrograde opacification of the 
proximal portion of the left vertebral artery. 
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Comment. Vhe lack of retrograde filling 
of the right vertebral artery may be ex- 
plained either by a block of the right verte- 
bral artery or by an anomaly of the verte- 
bral-basilar anastomosis. The former would 
seem more likely, since the patient did have 
some mild symptoms referable to decreased 
basilar low. The occlusion of the vertebral 
arterv could either be an extension of the 
subclavian occlusion. or an independent 
occlusion. 


Case v. M. H., a 45 year old diabetic male, 
was admitted to the hospital because of the 
acute onset of dizziness, confusion and coolness 
of the right arm and pectoral region, 4 davs 
prior to admission to this hospital. Two days 
after the onset of these symptoms, the patient 
sought medical care and was hospitalized in 
another city. At the time of the first hospitaliza- 
tion, the blood pressure in the right arm was un- 
Shemale: On admission to our hospital, 4 davs 
after the onset of symptons, all of the com. 
plaints had markedly improved except the cool- 
ness of the right arm. When first seen in our 
hospital, the blood pressure in the right arm was 
95/70 and in the left arm was 175.80. He had 
intermittent claudication of both legs for the 
previous year, and stated that his vision occa- 
sionally blurred on arising from a night's sleep. 
This blurring would clear in about 3 hours, leav- 
ing no residual symptoms. Pm left 
brachial angiograms (Fig. 5, Æ, B, and C) 
showed an enlarged left vertebral artery which 
filled the right vertebral and right subclavian 
arteries in a retrograde fashion. An arch aorto- 
gram (by catheter), made later, confirmed that 
the right subclavian artery was occluded at its 
origin and again showed that the right vertebral 
and subclavian arteries filled from the left 
vertebral artery. Both carotid arteries were 
normal. Electromyography, performed later, 


revealed diabetic neuropathy and ischemia of 


the anterior two-thirds of the spinal cord at the 
C7-T1 level which was thought to be due to de- 
creased flow through the anterior spinal artery. 
Due to the patient's long history of poorly con- 
trolled diabetes and to the possibility of quad- 
riplegia from possible thrombosis of the anterior 
spinal artery during proposed surgery, operation 
was not advised. He was placed on anticoagu- 
lant drugs and discharged. 


Comment. This case presents an interest- 
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ing paradox. On first thought, one would 
consider it much more likely that the se- 
verest symptoms of ischemia would present 
in the right arm rather than the central 
nervous system. However, this can be ex- 
plained by the acute diversion of blood 
to the right arm, with suddenly decreased 
flow to the bun As the flow through the 
carotid arteries and the posterior com- 
municating arteries gradually increased in 
the next 3 days, the central nervous system 
signs cleared. 


DISCUSSION 


The frequency with which new cases of 
this svndrome are being reported indicates 
that this mav indeed be a rather common 
occurrence which is being recognized more 
often because of increased awareness of the 
lesion and because of more widespread use 
of techniques which opacity the vertebral- 
basilar system. These § cases were seen dur- 
ing a period of 15 months, with the first 
one being seen 8 days after the first cases 
appeared in the American literature. 

Reivich and his co-workers® documented 
the effect of changes in the cerebral blood 
flow induced by blocking the subclavian ar- 
tery at its origin in experimental animals. 
They found an over-all decrease of 41 per 
cent in the cerebral blood flow after occlu- 
sion of the subclavian artery. This decrease 
occurred despite a compensatory increase 
of flow through both carotid arteries. This 
increase is probably due to increased supply 
to the basilar svstem through the 0 
communicating arteries.? Consequentlv, the 
cerebrovascular insufficiency precipitated 
bv occlusion of the proximal subclavian 
artery should be more severe if stenosis of 
the carotid artery were present than if it 
were not. 

This presumption is well borne out in the 
previously and presently reported cases 
(Table 1). In most of the cases in which 
neurologic signs and symptoms could be 
considered as moderate to severe, there was 
embarrassment of the carotid circulation. 
Visual symptoms were present in the ma- 
jority of the cases, indicating some com- 
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promise of the circulation through the basi- 
lar arterv. 

Seventeen of the patients on whom de- 
tailed information is available had occlu- 
sion of the left subclavian arterv. The re- 
maining 6 demonstrated right sided lesions. 
All but 2 of the cases demonstrate the usual 
paths of collateral flow described by Con- 
torni! and by Reivich and his co-workers.°® 
These two exceptions will be described in 
detail. The first case, that of Simon e a/.,° 
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Fic. 4. Case 1v. Lateral percutaneous left 
brachial angiograms showing (4) opacifica- 
tion of the left vertebral artery and of the 
deep cervical branch of the left costocervical 
trunk; (5) anastomosis between the deep 
cervical branches of the right and left costo- 
cervical trunks; (C) further retrograde filling 
of the right deep cervical artery. Frontal 
views showed faint opacification of the right 
subclavian arterv. 


demonstrated a lett internal carotid occlu- 
sion with the contrast material flowing 
through the left external carotid arterv and 
into the left occipital artery. By anastomo- 
sis between the descending branch of the 
left occipital and the left vertebral arterv, 
the contrast medium flowed in retrograde 
fashion to the left subclavian arterv. In 
Case Iv of the present series, the contrast 
medium flowed into the left costocervical 
trunk and upward in its deep cervical 





Fic. 5. Case 111. Percutaneous right brachial angiograms showing (4) opacification of the right subclavian, 
innominate, common carotid and internal carotid arteries and right vertebral artery (note narrowing of 
right vertebral artery at its origin); (B) beginning retrograde opacification of the distal left vertebral 
artery; (C) further opacification of the left vertebral artery and beginning opacification of the left sub- 
clavian artery distal to occlusion (note enlargement and anastomoses of superior and inferior thyroid 
arteries bilaterally); (D) further opacification of the left vertebral artery and of the left subclavian artery 


demonstrating the distal aspect of the occlusion. 
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tc. 5. Case v. Percutaneous left brachial 
angiograms showing (4) opacification of the 
left vertebral and basilar arteries; (B) com- 
plete retrograde opacification of the right 
vertebral artery; (C) continued opacification 
of the right vertebral artery with opacifica- 
tion of the right subclavian artery beyond 
the site of occlusion. 
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branch. This vessel anastomosed with the 
deep cervical branch of the right costo- 
cervical trunk and the contrast medium 
opacified these two vessels in a retrograde 
direction and opacified the right sublcavian 
arterv distal to its occlusion. The neuro- 
logic symptoms in this patient were mild, 
as would be suspected, since this anastomo- 
sis did not divert anv of the cerebral blood 
flow. 

In the 23 cases available for detailed 
studv, the diagnosis was tentativelv made 
on the basis of carotid angiography alone 
in onlv 1 case. This was Case 1, described 
bv Simon and his co-workers,? where the 
contrast medium entered the vertebral 
arterv from a branch of the external carotid 
artery. In 2 cases described by North and 
his co-workers,’ this pathway was visual- 
ized, but was not the main route of col- 
lateral low. In these latter 2 cases and the 
remaining cases, it is doubtful that the 
diagnosis would lave bech suspected on the 
grounds of carotid angiography alone. This 
finding points out the need for a technique 
which opacifies the innominate artery if a 
left sided lesion is suspected and the left 
subclavian artery if a right sided lesion ts 
suspected. This requirement may be met 
by percutaneous brachial angiography as 
described by the authors??? and by any 
other technique which opacifies the previ- 
ously mentioned arterial segments, such as 
catheter or direct puncture axillary or sub- 
clavian methods. In our hospital, the per- 
cutaneous brachial method has proved 
simpler, quicker and more reliable than 
these other techniques. The precaution of 
not injecting into a brachial artery with a 
reduced blood pressure must be observed. 
It is imperative that percutaneous brachial 
angiography be performed on the unaftect- 
ed side if the subclavian steal svndrome is 
to be demonstrated. 


SUMMARY 


The clinical and roentgenographic as- 
pects of the so-called “subclavian steal" 
syndrome are discussed and § new cases are 
reported, A previously undescribed path- 
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'av of collateral low which may be seen 


when the vertebral and subclavian arteries 


are occluded is described. The more severe 
nature of the lesion when seen with occlu- 
sive disease of either or both carotids is 
pointed out. Carotid angiography alone is 
not likely to reveal the lesion. The need tor 
opacification of the innominate artery or 
left subclavian artery on the unaffected 
side is emphasized. 


Robert N. Ashby, M.D. 
250 E. Superior Street 
Chicago 11, Hlinois 


We wish to express our appreciation to Drs. 
John J. Bergan and Arthur DeBoer for the use 
of their case material. 


REFERENCES 


i, Conrorns, L. 11 circolo collaterale vertebro- 
vertebrale nella obliterazione dell'arteria suc- 
clavia alla sua origine. Mznerva chir., 19600, 75, 
268-271. 

. Karras, B. G., CANNON, A. H., and Asuay, 
R. N. Percutaneous left brachial aortography. 
Am. J. ROENTGENOL., Rap. THERAPY & Nc. 
CLEAR MED., 1963, 90, 564—570. 

Karras, B. G., Cannon, A. H., and SOKOL, 
J. K. Percutaneous left brachial renal angiog- 
raphy. Y. Urol, 1963, So, 101-105. 

4. MANNICK n .SuTE R, C. G., and Hume, D. M. 
รน ไห แท ล ์ ห steal" IAE further docu- 
mentation. 7.4.M.A., 1962, 782, 2$4-258. 

NonTH, R. K., FIELDS, W. S. , DeBAKEY ,M. E, 
and ก 0 S. ท หั insufh- 
ciency syndrome. Neurology, 1962, 72, 810- 
320. 

6. Rgirvica, M., Horusa, H. E., Roserrs, B., 
and Toore, J. F. Reversal of blood flow 
threugh vertebral artery and its effect on 
cerebral circulation. New England J. Med., 
1961, 265, 878-885. 

7. Sequeira, E, Karras, B. G., Cannon, A. H., 
and Bucy, P. C. Peroutaneod brachial TOT. 
bral ห ช่ ว ย ก iphy. T. Neurosurg. 1962, 79, 
1050-1057. 

8. Simon, M., Raninov, K., and HORENSTEIN, S. 
Proximal subclavian artery occlusion and. re- 
versed vertebral blood flow to arm. Clin. 
Radiol., 1962, 75, 201—206. 

9, SUTTON, W. T., and TripeeL, O. H. Gustatory 
sweating; report of case ccu after sub- 
clavian endarterectomy with dorsal sympa- 
thectomy. ¥.A4.M.A., 1963, 787, 690-693. 

io, WirLiaMs, C. L., and Takaro, T. Subclavian 
arterial occlusion. Jan, Surg., 1963, 757, 48- 
$5. 


ง 2 


[a 
ie 
. 


tx 
e 


SEPTEMBER, 1963 


VERTEBRAL BASILAR AND CAROTID 


ANGIOGRAPHY BY 
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PHILADELPHIA, 


ETROGRADE brachial angiography 
by cannula, originally used for aortog- 
raphy, was first reported by Castellanos 
and Pereiras! in 1939. Gould, Peyton, and 
French* developed this technique for verte- 
bral angiography in children in ross. In 
1957, Collins, Slade, and Lockhart? re- 
ported the use of this procedure in adults. 
They inserted a No. 12 gauge Robb cannula 
into the exposed brachial artery in the 
lower arm, attached a syringe with a No. 12 
gauge opening to the needle, and rapidly 
injected 25 to 40 cc. of contrast material. 
They reported satisfactory vertebral angio- 
grams in 16 of 17 cases. 

Kuhn? in 1960 adopted the method of 
Collins ef al. with slight modifications. He 
claimed no morbidity in over 200 brachial 
angiographies in adults and children and 
reported consistent filling of two-thirds of 
the cervical and cerebral circulation. with 
each injection. He did not give data of the 
percentage of filling of the branches of the 
arterial or venous svstems. 

Ostrowski, Hardv, Lindner, Thomas, and 
Gurdjian? reported the use of their modifi- 
cation of the methods of Gould ef al. and of 
Collins e£ aZ. in go cases. They did the open 
brachial injection. simultaneously in both 
arms through a No. 15 gauge metal can- 
nula. They made two injections of 15 to 30 
cc. of 50 per cent hvpaque on each side for 
anteroposterior and lateral views. They 
reported temporary obliteration of the 
radial pulse in only 1 patient, and no other 
complications. Percutaneous brachial injec- 
tions supplanted the open method in their 
later cases, Their percentage of satisfactory 
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visualization of the vertebrobasilar and 
carotid arterv svstems is comparable to 
Ours. 

We believe that for vertebral basilar 
angiography the method of Collins, Slade, 
and Lockhart using ล No. r2 gauge Robb 
cannula in the exposed brachial artery in 
the lower arm is more dependable than the 
brachial percutaneous method for the occa- 
sional operator. [t is less time consuming 
than retrograde brachial catheterization 
and avoics direct trauma to the vertebral 
and carotid arteries in the neck. 

Althougn this technique can be used with 
any conventional roentgenographic appar- 
atus, the Chamberlain biplane stereoscopic 
unit permits simultaneous frontal and 
lateral exposures with a single injection of 
20 to 40 ce. of so per cent hv paque or a 
comparabie contrast material. The instru- 
ment consists of a basic ring structure in 
which are mounted two roentgen-ray tu bes 
and two Fairchild roll film magazines at go” 
to each other for biplane projections. This 
machine has been fully described previ- 
ously.26 Occasionally, the Sanchez-Perez 
film changer has been used for single plane 
studies and for visualization of the neck 
and shoulder vessels. 

The usual study consists of 12 exposures 
in both lateral and anteroposterior projec- 
tions. The serial roentgenograms which are 
obtained almost always include the entire 
arterial and venous phases. Roentgenog- 
raphy is started when so per cent of the 
contrast material has been injected. There- 
a fter, roentgenograms are made at intervals 


of o.7 second for a total duration of 7.7 


* From the Departments of Neurological Surgery? and Roentygenology,t Temple University Medical Center, Philadelphia, Penn- 
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seconds. Fach exposure lasts 0.1 second and 
between each exposure theroentgen-ray 
tubes are shifted 2 inches. Thus, any 2 con- 
secutive roentgenograms can be used as 
stereoscopic pairs. 

We feel that there are numerous advan- 
tages to simultaneous biplane stereoscopy. 
Only one injection of contrast material 1s 
necessary for the entire study, thereby re- 
ducing the risk of allergic and irritative 
reactions to the patient. Vascular struc- 
tures visible only on one frame can often be 
localized, since a right angle projection 
obtained simultaneously is also available. 
Lavering of contrast material in vessels due 
to difference in specific gravity, particu- 
larly noticeable in the basilar artery, can be 
better evaluated by this method. Stere- 
oscopy provides additional advantages in 
identification of normal and pathologic 
vessels in both planes. Minimal displace- 
ment of vessels can also be more readily 
appreciated with stereoscopv. 

Positioning of the patient is such that the 
anteroposterior projection approximates 
the Chamberlain-Towne projection as 
closely as possible. This allows visualization 
of the basilar arterv and its branches 
posterior to and slightly above the carotid 
system. 

The amount of radiation exposure to the 
patient and the operator must also be con- 
sidered because of the duration of the 
examination and the number of roentgeno- 
grams obtained. Each exposure in the 
anteroposterior plane contributes 0.8 r to 
the region of the patient's face, while in the 
lateral view approximately 0.4 r is added. 
The total exposure dose to the patient’s 
eves during the entire examination approx- 
imates 15 r. We feel that inclusion of the 
capillary and venous phases in the studv is 
important enough to warrant this amount 
of exposure. Manv lesions, especially vascu- 
lar malformations and arteriovenous fis- 
tulae, may not be visible until late in 
the study and are missed on examina- 
tions of the arterial phase alone. In addi- 
tion, the radiation exposure involved is only 
à small percentage of that experienced dur- 
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ing many gastrointestinal examinations. 
The exposure dose to the physician, if a 
hand injection is used, can be kept to a 
minimal level if protective shielding is 
employed. 


PROCEDURE 


The right brachial artery is exposed in 
the lower third of the arm under local, 
brachial, or axillary block. General anes- 
thesia is preferred in children. A No. 12 
gauge Robb cannula is inserted into the 
artery through a 2 mm. incision and se- 
curely tied to the artery with + inch 
umbilical tape. A single injection of 40 cc. of 
so per cent hypaque (15 to 30 cc. in chil- 
dren) is then rapidly made with a so cc. 
Robb svringe having a 12 gauge outlet,* 
and when one-half to two-thirds of the 
material has been administered, the Cham- 
berlain biplane stereoscopic unit is trig- 
gered. The sequence of films and the roent- 
gen technique have been described above. 
This procedure permits evaluation of all of 
the phases of angiography and, by stere- 
oscopy, gives good visualization in a high 
percentage of cases of the upper half of the 
right vertebral and carotid svstems in the 
neck and of the right intracranial verte- 
bral, basilar, internal carotid and the intra- 
cranial venous systems (Fig. 2, 3 and 5). In 
some instances, particularly in children, 
simultaneous compression of the left ca- 
rotid artery during the injection of the 
radiopaque medium resulted in opacifica- 
tion of both internal carotid artery systems 
(Vig. 4, 7-D). However, if total (global) 
visualization of the intracranial vessel is 
desired, a left percutaneous carotid injec- 
tion of an additional 10 cc. of the medium 
is advisable. The left vertebral artery is the 
onlv major vessel not visualized bv such a 
survey. 

Repositioning of the patient so as to 
center the roentgen-ray beam over the 


* We believe that the reason for the high incidence of successful 
opacification of the vertebral basilar and internal carotid artery 
systems is the combined use of the Robb syringe which has a No. 
12 gauge outlet with the Robb No, 12 gauge cannula, This per- 
mits the forceful infection, even by hand, of a large bolus of the 
radiopaque material, 





Visualization of the great vessels from the 
innominate artery by the open brachial cannula 
technique. Note the complete fillingof the vertebral 
artery and the congenital absence or occlusion of 
the right common carotid artery. 


Fic. I1. 


right shoulder and neck followed by an 
additional injection of 20 to 40 cc. into the 
right brachial artery results in visualization 
of the ipsilateral, brachial, axillarv, sub- 
clavian and innominate arteries as well as 
the carotid and vertebral arteries in the 
neck (Fig. 1). With a left brachial injection 
only the left brachial, axillary, subclavian, 
vertebral and basilar artery systems will be 
visualized. The carotid artery system is not 
visualized by this injection because it 
originates directly from the aorta on this 
side. 

Following the injection, the arteriotomy 
is closed with a continuous 5-o silk suture. 
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Fic. 2. (4 and B) Aneurysm at bifurcation of 
basilar artery. The right internal carotid artery 
system is also opacified (open brachial cannula 
technique). 


The patient is permitted to use his arm 
immediately. 

We are evaluating percutaneous brachial 
angiography using a No. 17 gauge thin 
walled Cournand needle and a Taveras 
pressure injector. We have performed this 
in IOS cases and have had satisfactory 





Over 8o This 


visualization in 
method is simpler than the open one. It 
may prove to be the best method for one 
who becomes skilled in the technique. The 
needle must be well placed in the arterv and 
ล pressure injector is preferable. We recom- 


per cent. 





FrG. 3. Arteriovenous malformation of the 
left parietal and occipital lobes. (4 and B) 
Note the arterial supply from the middle and 
posterior cerebral arteries. (C) Venous phase 
shows drainage into superior and inferior 
sagittal sinuses. Entire sequence is made by 
a single injection of 40 cc. hypaque (open 
brachial cannula technique). 


mend the open method for those who do 
occasional cases and particularly if a pres- 
sure injector is not available. 

Although we have occasionallv achieved 
opacification of the aortic arch and the 
great vessel by brachial angiography and 
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hic. 4. (4, B, C and D) Total (global) angiography in a child of 3 vears of age after a single injection of 
30 cc. of hypaque (open brachial No. 14 gauge cannula). Additional angiograms of arteriovenous phase are 
not shown. The left internal carotid artery system filled from the flow of contrast material across the 


aortic arch. 


although the use of the pressure injector 
promises a higher incidence of visualization 
of these structures, for the present we be- 
leve that percutaneous femoral arterv 
catheterization as done by Dr. Barbara 
Carter of our radiologv department is more 
dependable for visualization of this area. 
The open method of brachial angi- 
ography has been notably successful in chil- 


dren except in infants under I year of age. 
In this latter group, the thread-like size of 
the artery makes the introduction of a 
cannula technically impractical. We have 
used the procedure in 1§ cases below to 
vears of age. The artery 1s exposed surgi- 
cally as described for the adult. It is opened 
and either a No. 12 ora No. 14 gauge Robb 
cannula is introduced. If the vessel is too 
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small tor the cannula, a blunt No. 18 gauge 
needle can be used. All injections are made 
by hand. 

studies pertormed on the biplane unit 
require only a single injection; therefore, a 
larger volume of contrast material (so per 
cent hypaque) can be used. For children up 
to 3 years of age, 15 to 20 cc. and, in older 
children, 30 cc. of contrast material has 
produced excellent filling of the cerebral 
vessels. This includes not onlv the right 
carotid, vertebral and basilar arterv svs- 
tems, but often the contrast medium flows 
across the aortic arch and fills the left 
carotid artery as well, thus producing total 
filling of the cerebral vessels with a single 
injection (Fig. 4, 4-D). 

When studies are performed on children 
with other than biplane roentgenographic 
equipment which require more than one 
injection, smaller quantities of contrast 
material should be used— 10 cc. in children 
up to 3 vears of age and 15 to 20 cc. in the 
older children, according to their size. 


CASE DATA 


We have evaluated the open brachial 
procedure in 98 patients with cerebrovascu- 
lar, space-occupving and other neurosur- 
gical syndromes. The 105 cases mentioned 
above in which the percutaneous technique 
was used will be described in a subsequent 
report. 

Of the 98 patients, 47 were males and 51 
were females. Fifteen were in the first 
decade of life (youngest g months); 3in the 
second; 8 in the third; 23 in the fourth; 21 
in the fifth; 22 in the sixth and 6 in the 
seventh. 

The following suspected conditions were 
evaluated by angiography: cerebral aneu- 
rvsms 21; arteriovenous malformations I1; 
cerebrovascular disease 20; cerebral neo- 
plasms 35; and miscellaneous neurologic 
conditions 11. 

Right brachial injections were done in 84 
patients and left brachial injections in 14. 
Of the 84 right brachial studies, there was 
inadequate opacification in 6. Three studies 
were of neck vessels onlv; thus there re- 
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‘tc. §. Astrocytoma of left cerebellum. Note the 
mesial shift of the left superior cerebellar artery 
and (B) the elevation and stretch of the vessel. 


mained 75 studies of the cerebral vessels 
which were adequate for evaluation (Tables 
I, H and rir). Twelve of the 14 left brachial 
studies were adequate for evaluation. The 
lesions revealed by brachial angiography in 
the 98 patients studied are shown in Table 
IV. 
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VISUALIZATION OF VERTEBROBASILAR SYSTEM IN 74 
CASES OF RIGHT BRACHIAL INJECTION ANGIOGRAMS 
WHICH WERE ADEQUATE FOR STUDY 


Per Cen 





Visual- 


ization อ Studies 

Vertebral 25 97 
Basilar 7 ๐ 93 
Posterior Cerebral 68 9 ๐ 
Superior Cerebellar 0 ๐ 80 
Posterior Inferior Cerebellar 6o 8o 
Posterior Communicating 

Lateral View 44 s8 

Anteroposterior View 20 26 
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VISUALIZATION OF IPSILATERA L AND CONTRALATERAL 
INTRACRANIAL INTERNAL CA ROTID SYSTEM IN 785 
CASES OF RIGHT BRACHIAL INJECTION A NGIO- 
GRAMS WHICH WERE ADEQU ATE FOR STUDY 





No, 
Visual- 


Per 
Cent of 
Studies 
Right Internal Carotid 64 85 
Opposite Internal Carotid Filled 


from Below (7 cases under 10 
years) 16 21 
Opposite (left) Anterior Cerebral 16 21 


Opposite (left) Middle Cerebral 21 21 
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VISUALIZATION OF VENOUS CIRCULATION ON 


RIGHT BRACHIAL INJECTION ANGIOGRAMS 
IN 7$ STUDIES 





Good Fair Poor 

Cortical Veins 49 ว 1 
Superior Sagittal Sinus 42 5 4 
Inferior Sagittal Sinus 32 2 5 
Internal Cerebral Vein 49 2 5 
Straight Sinus 41 5 I 
Veins of Cerebellum ag 6 2 
Jugular Vein 26 2 1 
Lateral Sinus (53 cases) 

Draining Mainly to Right—29 

Draining Mainly to Left—14 

Draining Equally —IO 
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LESION REVEALED BY BRACHIAL ANGIOGRAPHY 
IN 98 PATIENTS 





Cerebral Aneurysms gi 
Posterior Communicating (right 1; 


left 1) 3 
Right Anterior Cerebral 2 
Right Middle Cerebral 
Bifurcation of Basilar Artery 1 
Arteriovenous Malformations 7 
Supratentorial (right 3; left 2 6 
Parateatorial I 
Vascular Occlusive Disease 4 
Plaque in Basilar Artery 1 
Constriction of Vertebral Artery 2 
Occlusion of Common Carotid Artery i 
Brain Tumors LI 
Supratentorial 6 
Gliomas (3) 
Metastatic Carcinoma (2) 
Pinealoma (1) 
Infratentorial 5 
Aqueduct Glioma 
Astrocytoma of Left Cerebellum 
Mecastatic Carcinoma of Left 
Cerebellum 
Pontine Tumor 
Chordoma (Atlas) 


* One not visualized by right percutaneous angiography, 


COMPLICATIONS 


Our only major complication possibh: 
related to the procedure occurred early 1 
our series in a young adult who had symp 
toms suggesting a tumor of the medulla. H 
was awake before the procedure and re 
ceived two injections of 40 cc. of 50 pe 
cent hvpaque. He became comatose 2 hour 
after angiography and died that das 
Autopsy was refused. 

Fifty per cent of the patients had n 
palpable radial pulse immediately after th 
procedure. Most regained it within 24 to 4 
hours. One patient had no pulse after 
vear, but had no arm complaints. An occ: 
siona! patient complained of transitor 
tingling and coldness of the hand. The 
have been no loss of function, no troph 
disturbance and no gangrene. The brachi 
artery was ligated in 2 instances withoi 
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complications. We attribute the absence of 
serious complications to the excellent col- 
lateral circulation. from the profunda 
brachii above the arteriotomv. 


SUMMARY AND CONCLUSIONS 


Retrograde open brachial angiogra phy 
using the Robb No. 12 gauge cannula is a 
safe, dependable method for the visualiza- 
tion of the intracranial vertebral basilar 
vascular svstem in adults and children. 

2. It avoids direct trauma to the verte- 
bral or carotid arteries and it is less time 
consuming and easier to perform than 
brachial or femoral arterv catheterization. 

3. The use of the Chamberlain biplane 
stereoscopic roentgenographic unit per- 
mits a simultaneous series of anteroposte- 
rior and lateral arterial, arteriovenous, and 
venous studies following a single injection 
of 20 to 40 cc. of go per cent hypaque. 
Conventional roentgenographic apparatus 
is adequate but necessitates at least two 
injections of the radiopaque material. 

4. With a single right brachial injection 
not only the intracranial vertebral basilar 
system but also the right cervical and in- 
tracranial carotid artery system is visual- 
ized in 85 per cent, and the opposite intra- 
cranial carotid artery system in 20 per cent 
of the studies. 

5. lf total or global angiography is de- 
sired a left percutaneous carotid injection 
of 10 cc. of contrast material completes the 
studv. 

6. Brachial angiography is also an excel- 
lent method for the visualization of the 
brachial, axillarv, subclavian, and carotid 
and vertebral arteries in the neck. 

We have visualized the arch of the 
aorta and its immediate great vessels in 
some cases and intend to pursue this studv 
with the mechanical injector. At present we 
recommend percutaneous femoral arterv 
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catheterization for adequate bilateral vis- 
ualization of this area. 

8. We are also inv estigating percutane- 
ous brachial injection using the No. 17 
gauge thin walled Cournand needle and the 
pressure injector. We have performed such 
angiography in 105 cases with satisfactory 
visualization in over 80 per cent. This 
method is simpler but not as dependable 
as the open method. There is danger of in- 
jury to the arterv if the cannula tip is not 
completely tree in the lumen during the 
pressurized injection. We recommend the 
open method as more dependable for the 
operator who does an occasional case and 
does not havea pressure injector apparatus, 


Michael Scott, M.D. 
ล Ser ol EE ae 
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ITHIN the past decade there has 

been considerable emphasis on the 
clinical and arteriographic diagnosis of oc- 
clusive disease of the subclavian and 
cervical portions of the carotid and verte- 
bral arteries. It has become well known 
that extracranial vascular lesions occur in 
a significant proportion of patients with 
cerebrovascular disease? 35 919733931. Be- 
cause thev are accessible to surgical repair, 
these lesions need to be accurately ditfer- 
entiated from the more trequentlv occurring 
intracranial vascular conditions? *? Arteri- 
ographv has become generallv recognized 
as the procedure of choice for evaluation of 
patients with suspected insufficiency of the 
subclavian, carotid, and vertebral arteries. 
However, the arteriographic technique 
best suited for demonstrating such lesions 
still remains to be determined. Ideally, a 
method should peewee exce UNE En 


the cub bm dn. 0 pu 0 
arteries bilaterallv, including their origins. 
Naturally, the procedure should be relia ble 
and safe woe causing undue vascular 
trauma or complications. It should also be 
relatively simple and not too time consum- 
ing. 

The common methods of carotid-verte- 
bral arteriography include the following: 
(1) simultaneous opacification of the aortic 
arch and its branches, achieved either by 
(a) intravenous injection or (b) injection 
through a needle or catheter in the aortic 
arch; and (2) selective arteriography by (a) 
direct needle puncture of the carotid and 
vertebral arteries; (b) right carotid-verte- 
bral arteriography via needle or catheter 


เท the right subclavian or innominate 
arteriography via needle or catheter in the 
right subclavian or innominate artery; (c) 
left vertebral arteriography via needle or 
catheter in the lett subclavian artery; and 
(d) percutaneous transfemoral selective 
arteriography. 

Percutaneous — transfemoral selective 
catheterization of the brachiocephalic ves- 
sels is performed by following the tech- 
nique described by Odman® in 1956, who 
used various catheter shapes especially. de- 
signed for entry into the branches of the 
aorta including the innominate and left sub- 
clavian arteries. Other authors? 5 have also 
confirmed the ease of left subclavian and 
vertebral artery catheterization via the 
transfemoral approach for vertebral-basilar 
arteriography. 

In this report a method of brachio- 
cephalic arteriography using a single 
properly shaped catheter is described. This 
allows ready entry into the left common 
carotid, left subclavian and innominate 
arteries, respectively, so that all 3 great 
vessels and their peripheral branches can 
bestudied during one examination following 
percutaneous femoral arterial puncture. 


METHOD 


The yellow Odman-Ledin catheter? has 
pn very 0 because of its 
can be easilv 
er UE into s desired curve by 
simply immersing it in hot water. The 
catheter is introduced into the femoral 
artery by the puc noue arterial tech- 
nique of Seldinger.? The most important 
factor for successful entrv into the great 


* From the Department of Radiology, The New York Hospital- -Cornell Medical Center, New York, New York. 
This work was supported by The Health Research Council of the City of New York under contract No. U-1084. 
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vessels is the proper shaping of the catheter 
tip. This is best illustrated by considering 
the normal configuration of the aortic arch 
and its branches (Fig. 1). It is apparent 
that a straight catheter will tend to enter 
the left subclavian arterv, but the more 
anterior portion of the innominate and left 
common carotid arteries usually. precludes 
passage into these vessels. A simple curved 
catheter will have a tendencv to follow the 
roof of the arch and pass into the ascending 
aorta. Therefore, it is necessary to form a 
sharp S-shaped curve (Fig. 1). The proxi- 
mal portion of the curve is also contoured to 
ht the roof of the aortic arch and the 3-4 
cm. tip is curved slightly greater than 9 ๐ 
degrees to conform to the mild posterior 
angulation of the aortic arch branches. 
Such a catheter will pass into the 1 ท ท อ ท า 1- 
nate and left subclavian arteries very 
readily. Manipulation generally also per- 
mits easy entry into the left common 
carotid artery as well. Theoreticallv, an 
objection may be raised that, since the 
catheter tip 1s distal to the vessel origins, 
these areas will not be opacified. However, 
practical experience has demonstrated that 
there is enough “backwash” during ven- 
tricular diastole to accomplish visualization 
of the origins of the arteries. Furthermore, 
side holes placed in the catheter proximal 
to the tip will also ensure opacification of 
the origins of these arteries. 

Once a vessel is entered, the catheter 
position can easily be confirmed bv injec- 
tion of 2-3 ml. of dilute contrast material. 
Selective catheterization of each vessel is 
performed during constant roentgenoscopy 
(preferably with image amplification). The 
patient remains supine during filming. For 
roentgen visualization of each of the extra- 
cranial arteries, the head and neck are 
turned opposite to the side being examined. 
This slight rotation largely eliminates the 
confusion caused by overlapping of vessels 
and also avoids superimposition of the spine 
and Jaw. The contrast material in this 
technique has been hypaque, 50 per cent, 
the dose being 20-25 ml. injected into the 
innominate artery, 7 ml. into the left com- 
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Fic. 1. Tracing of aortogram in lateral projection 
with special catheter superimposed. The proximal 
curve parallels the aortic arch and the tip is angu- 
lated slightly greater than 9o? to conform to the 
gentle posterior contour of the 3 great vessels. 
([A=innominate artery; LCCA=left common 
carotid artery; LSA=left subclavian artery.) 


mon carotid artery, and 10-15 ml. into 
the left subclavian artery. Repeat injec- 
tions of contrast material, without ill 
effects, have been made when indicated. 
Either hand or low pressure automatic 
injections (Gidlund syringe with pressures 
of 3 to 4 kg./cm.?) have proven satisfactory. 
Filming of 2 or 3 seconds at the rate of 2-3 
films per second has sufficed for the selective 
studv of the extracranial arterial system. 


KESULIS 


Approximatelv 25 patients have been ex- 
amined with this selective technique. 
Various catheter shapes were used at first. 


e y 








With these catheters, it was not always 
possible to enter all 3 of the great vessels, 
particularly the left common carotid artery. 
Following this, the catheter, curve as 
illustrated in Figure 1, was evolved and 
made it possible, except in 2 instances, to 
catheterize any or all of the great vessels. 
One patient had a markedly elongated 
and tortuous aortic arch and brachio- 
cephalic vessels that prevented selective 


Jack L. Westcott, Kuo York Chynn and Israel Steinberg 


SEPTEMBER, 1963 


brachiocephalic — arteriographic 
study of a £3 year old woman suspected of having 
basilar artery insufficiency. (4) Left subclavian 
arteriogram shows a normal vertebral artery. ( 5) 
Subsequent injection with contrast medium, in the 
submento-vertical proJection, reveals the normal 
tortuous course of the basilar artery. (C) A third 
injection shows the normal intracranial branches 
of the vertebral and basilar arteries. 


lig. 2. Selective 


entry; another patient had an anomalous 
origin of the left common carotid artery 
from the innominate artery (Fig. 7). 

The time required for the entire pro- 
cedure, of course, depends on how many 
arterial systems are examined. Study of the 
entire extracranial arterial circulation al- 
ways required at least 45 minutes, usually 
approximately 1 hour, and rarely as long as 
1 2 hours. 

There were no major complications. 
Frequently, a small hematoma occurred at 
the site of the femoral arterial puncture, 
but in all cases it subsided. One patient 
developed transient aphasia following 1 ท - 


jection of contrast medium into the left 


common carotid artery; fortunately, this 
disappezred in a few hours. 

Figures 2 through 8, inclusive, are repre- 
sentative illustrations of examinations car- 
ried out with this technique. 


DISCUSSION 


The chief indication for brachiocephalic 
arteriography is for the study of patients 
suspected of having occlusive disease of the 
subclavian and extracranial portions of the 
carotid and vertebral arteries. Interest in 
this group of patients was stimulated bv 
Fisher's" finding of occlusion of the cervical 
portion of the carotid arteries in approxi- 
mately 20 per cent of the patients dying of 
cerebrovascular disease. Crawford e£ al’ 
studied a large group of patients with sus- 
pected insufficiency of the carotid, verte- 
bral, and subclavian arteries. Of note 1s 
that 39 per cent of these cases had stenosis 
or occlusion of the extracranial circulation, 
and in 60 per cent of these multiple lesions 
were present. 
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The literature dealing with the patho- 
logic, clinical, and surgical aspects of 
cerebrovascular insufficiency is voluminous. 
Briefly, these may be summarized as fol- 
lows: (1) The majority of the vascular 
lesions of the extracranial arterial circula- 
tion occur at the origins (or bifurcations) of 
the vessels, and the lesions are usually less 
than 1 cm. in length.!:3-4.513 (2) The most 
common site of obstruction of the extra- 
cranial circulation is at the origin of the 
internal carotid artery. In the vertebral- 
basilar system, the most common location 
of extracranial vascular obstruction is the 
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hic. 3. Selective brachiocephalic arterio- 
graphic study of a 65 year old woman with 
recent onset of pain in both arms; physical 
examination revealed absent radial pulses. 
Blood pressure in the legs was 200/100 and 
was unobtainable in the arms. (4) Selective 
left subclavian arteriogram shows gradual 
and progressive narrowing of the subclavian- 
axillary trunk with total occlusion distally 
(arrow). (5) Innominate arteriogram shows 
similar disease involving the right sub- 
clavian-axillary trunk. In addition, there is 
narrowing of the vertebral, internal mam- 
mary and external carotid arteries. Note 
that irregular dilatations (arrow) are also 
present at the origins of some of these 
vessels. (C) Renal arteriogram, obtained 
before removing catheter, also shows slight 
narrowing of the proximal portion of the left 
renal artery (arrow). 


origin of the vertebral artery. Less fre- 
quently, but not uncommonly, stenosis or 
occlusion may occur at the origins of the 3 
great vessels from the aortic arch or at the 
bifurcation of the innominate artery. Mul- 
tiple lesions are frequently present and 
may often be unsuspected.' 9 9.10612. (4) 
There are "classic symptoms" which are 
highly suggestive of extracranial vascular 
lesions. However, the symptoms of patients 
with extracranial arterial lesions can also 
mimic those caused bv middle cerebral 
artery occlusion, intracrebral hemorrhage, 
and brain tumor.^!^! (4) Vascular oc- 
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lic. 4. Arteriograms of a 42 year old asymptomatic man with an incidental finding of a discrepancy between 
the right (120/110) and left arm (200/100) blood pressures. (4) Selective innominate arteriogram shows 
severe stenosis at the origin of the right subclavian artery (arrow). (B) Subsequent serial arteriogram 
shows the normal caliber of the subclavian artery distal to the localized stenotic lesion. Left common 
carotid, left subclavian, and renal arteriographic studies were normal. 


clusion may even occur without symptoms 
if adequate collateral circulation is pres- 
ent.95?5?* (5) Palpation, auscultation, uni- 
lateral carotid compression, and ophthal- 
modynometry are helpful diagnostic aids, 
but none of these, either alone or together, 
are entirely reliable for definitive localiza- 
tion of the site or for estimating the 
severity of the vascular lesions.*?!^ (6) 
Surgery appears to offer the greatest bene- 
fit for those patients suffering from incom- 
plete vascular obstruction; however, even 


«— 


ic. §. Selective left subclavian arteriogram of a 56 
vear old man with a discrepancy between the right 
(140/90) and left arm (110/70) blood pressures 
discovered during routine physical examination. 
Marked segmental stenosis of the left subclavian 
artery (arrow) with narrowing of the vertebral 
artery at its origin is demonstrated. 
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hic. 6. Arteriograms of a £3 year old man with 
recent and sudden onset of dizziness, dysphagia, 
and mild right-sided weakness. (4) Selective left 
common carotid arteriogram shows an intact vessel 





lic. 7. Arteriogram of an 81 year old woman with 


recent transient aphasia and facial paresis in whom 
the left common carotid artery could not be 
catheterized. An injection into the aortic arch 
shows an anomalous origin of a normal left com- 
mon carotid artery from the innominate artery 
(lower arrow). There is also stenosis of the origin 
of the left internal carotid artery (upper arrow). 


from its origin to the bifurcation. (7) Another 
injection shows slight narrowing of the origin of 
the internal carotid artery (lower arrow) and 
occlusion of the ascending frontoparietal artery 


(upper arrow). 
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lic. 8. Arteriograms of a 38 year old physician with ล ง 
both arms, headache, and dizziness. Blood pressure in both arms was 180/90; in the legs ıt was 260/150. 
(4) Selective innominate arteriogram shows stenosis of the right subclavian artery (arrow). There was also 
stenosis of the left subclavian artery (not shown here). (5) Renal arteriogram revealing musculofibrosis of 


vear history of hypertension who developed pain in 


the left renal artery near its origin with poststenotic dilatation of the vessel. 


when the vascular occlusion is complete, 
good results have sometimes been achieved 
if operation was performed early (within 
1-3 days) following the onset of symp- 
tong" 

It is apparent from these considerations 
that arteriography is essential for the eval- 
uation of patients with potentially oper- 
able disease of the brachiocephalic vessels 
and that it should be performed as earlv as 
possible following the onset of symptoms. 
Ideally, arteriography should accomplish 


the following: (1) the technical quality of 


the study should be such that there need be 
no equivocation in interpretation because 
of poor arterial visualization: P5 the carot- 
id and vertebral arteries of both sides 
should be examined because of the frequent 
occurrence of multiple lesions and because 
it is important for the surgeon to know the 
adequacy of the remaining blood supply to 
the brain before attempting repair of a 
diseased vessel; (3) for the same reasons, 
the origins: of all the branches as well as 
the origins of the 3 great vessels from the 


arch should be visualized; and finally (4) 
It is sometimes desirable, and often essen- 
tial, to also studv the intracranial circula- 
tion. 

Most of the arteriographic techniques 
being used do not routinely achieve all of 
these objectives. A brief discussion of the 
advamtages and disadvantages of the com- 
mon methods follows. 

The aortic arch and its branches can be 
visualized by the intravenous injection of 
large amounts of contrast material??? or 
bv injection through a catheter advanced 
into the aortic arch via the femoral! or 
brachial arteries. Suprasternal needle punc- 
ture of the aorta for carotid-vertebral 
arteriography is apparently not in common 
use. While these methods have the advan- 
tage of consuming relatively little time, 
visualization of the aortic branches is not 
alwavs satisfactory because of dilution of 
the contrast material. In addition, the si- 
multaneouslv opacifed subclavian, carotid 
and vertebral arteries overlap and this 
often hinders interpretation. Although the 
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danger of injection of large quantities of 


contrast material for intravenous visualiza- 
tion of the carotid-vertebral arterial svstem 
is apparently slight, direct aortic arch 
injection may be risky because the major 
portion of the contrast agent mav be 
forced into one of the great vessels even 
ch EET in of the catheter 

จ , the intravenous 
ge aortic dne injection techniques usu- 
ally do not provide satisfactory opacifica- 
tion of the intracranial circulation. 

The major drawback of direct puncture 
of the carotid and vertebral arteries is the 
failure to visualize the proximal portions 
of the vessels. Manual pressure high in the 
neck to induce retrograde flow of contrast 
material for opacification of the proximal 
portions of the vessels has been used, but 
is not always successful.?^?^ [n addition, 


3 or 4 separate arterial punctures are 
necessarv to examine the carotid and 


vertebral svstems of both sides. This re- 
quires prolonged or repeated examinations 
and increases the chances of producing 
vascular trauma. In "stroke" patients in 
particular, there appears to be a significant 
incidence of increased neurologic deficit 
following direct puncture cerebral ar teriog- 
raphy." This method would seem to be 
particularly hazardous in patients with 
extracranial vascular disease in whom vas- 
cular trauma from the procedure could 
further compromise an already deficient 
blood supply. Also, except in the most ex- 
perienced hands, vertebral artery puncture 
is not always successful. Another disad- 

vantage Is the restriction of patient mobil- 
ity for filming in various positions, because 
of the presence of the needle in the carotid 
or vertebral artery. 

Another popular technique is the use of 
the brachial or subclavian artery as the 
route for  carotid-vertebral arteriog- 
raphy. !:16.22.25,26.28.32.33 "This is accomplished 
either by advancing a catheter toward the 
origins of the innominate or left subclavian 
arteries via the radial, brachial, or sub- 
clavian arteries, or else by direct puncture 
into the brachial or subclavian arteries, usu- 
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ally combined with distal compression of 
the arterv. Good visualization of the left 
subclavian and vertebral arteries and of the 
right innominate artery and its carotid and 
subclavian branches, including their origins, 
can be secured. However, satisfactory 
visualization of the left common carotid 
artery has not been routinelv obtained with 
this approach. Furthermore, 2 arterial cut- 
downs or punctures are required. Because 
the subclavian arteries are also sometimes 
eigd in this group a P retro- 


sible. Direct Be puncture of jn 
clavian artery may also be complicated by 
pneumothorax” and the needle puncture 
site is not easily accessible for control of 
bleeding. 

Selective transfemoral catheterization of 
the brachiocephalic arteries provides good 
visualization of the vessels because the 
technique allows a highly concentrated 
bolus of contrast material to be delivered 
directly into the artery under studv. It per- 
mits successive study of the entire extra- 
cranial portions of the carotid and sub- 
clavian-vertebral systems of both sides 
during one examination following a single 
femoral arterial puncture and avoids 
trauma to the brachiocephalic arteries. 
When desired, visualization of the entire 
intracranial circulation can also be achieved. 
In hypertensive patients, renal arteriog- 
raphy can also be performed betore removal 
of the catheter (Fig. 3C). 

Because of these considerations, trans- 
femoral selective catheterization of the 
brachiocephalic vessels is recommended as 
a highly satisfactory method for evaluating 
patients with suspected lesions of the sub- 
clavian and extracranial portions of the 
carotid and vertebral arteries. The only 
contraindication to this method is the pres- 
ence of severe occlusive disease of the ab- 
dominal aorta and the femoral arteries. 


SUMMARY 
A reliable technique utilizing the percu- 
taneous transfemoral approach for selective 
catheterization of the brachiocephalic ar- 
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teries with a specially shaped catheter has 
resulted in good visualization of the sub- 
clavian arteries and of the entire extra- 
cranial and intracranial portions of the 
carotid and vertebral arteries of both sides 
during a single examination. This method 
allows freedom 1 ท patient positioning, 
avoids direct trauma to the brachiocephalic 
arteries, and requires only a single arterial 
puncture, 


Jack L. Westcott, M.D. 
Department of Roentgenology 
Harttord Hospital 

Hartford 15, Connecticut 
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PERCUTANEOUS LEFT BRACHIAL 
AORTOGRAPHY* 


By BILL GUST KARRAS, 


M.D.,f ABRAM H. CANNON, 


M.D., and ROBERT N. ASHBY, M.D. 


CHICAGO, ILLINOIS 


ITH the advent of more extensive 
vascular surgerv for abdominal and 
renal artery lesions, à method for safe, 
relatively easy and complete visualization 
of theabdominal aorta and its branches has 
become very desirable. Safety and ease are 
needed if the procedure is to be used in the 
routine evaluation of suspected vascular 
disease. Completeness is an advantage in 
that one method of visualizing the descend- 
ing thoracic aorta, the entire abdominal 
aorta, renal arteries and iliac and femoral 
vessels would provide a wide range of appli- 
cation. 
In the past, direct puncture of the ab- 


dominal aorta has been the chief method of 


performing aortogr raphy. It 
expensive or extensive equipment and has 
had relatively few complications. Despite 
these advantages, it has not had complete 
acceptance. This is attested to by the de- 
velopment of other techniques such as 
femoral artery and abdominal aorta cathe- 
terization and intravenous techniques. Re- 
nal artery catheterization has produced 
excellent studies in the hands of only a few 


requires no 


investigators 1n this country. 
While we have utilized direct puncture 


lumbar aortography at this hospital, there 


is considerable reluctance on the part of 


physicians to refer patients for this proce- 
dure. Fear of complications, such as athero- 
sclerotic plaque dislodgement and subinti- 
mal injection or persistent bleeding, is felt 
to be the chief reason for the reluctance. In 
the evaluation of the other methods avail- 
able, only limited success was achieved with 
intravenous techniques. Consistent, satis- 
factory opacification of the abdominal 
aorta and the accurate determination of the 
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caliber of the main renal arteries and their 
branches did not seem likely with the intra- 
venous technique Leadbetter and Mark- 
land? have ae พั ย this impression. 
Femoral arterv i M originally 


described by Fariñas? and modified. bv 


many others, appeared superior to the 
other methods available, provided that 


there was patency of the iliac arteries and 
distal aorta. In some patients, despite pa- 
tencv, the iliac arteries cannot be catheter- 
ized due to tortuosity and narrowing. In 
patients with ar teriosclerotic disease of 
these vessels, the risk of dislodgement of 
plaques within the femoral arteries and 
aorta certainly exists when one passes a 
catheter along "egg shell row." Rogoff 
states that complications with the catheter 
technique in. lumbar aortography have 
occasionally been reported but are signif- 
cant wh en one considers the relatively small 
number of retrograde femoral aortographies 
that have been surveyed. [t was also felt 
that the magnitude of the procedure (7.e., 
the arterial catheterization) was too great 
to warrant its routine use bv the authors in 
the studv of the aorta. 

The technique to be described was devel- 
oped from our experience with percutane- 
ous brachial cerebral angiography.’ Percu- 
taneous injection of the right brachial 
arterv has been used to visualize the right 
subclavian, right vertebral and right com- 
mon carotid arteries and their branches. 
Percutaneous left brachial artery injections 
have been utilized to visualize the left sub- 
clavian and left vertebral arteries. The 
anatomy of the aortic arch is such that 
retrograce filling of the left subclavian 
artery delivers contrast medium to the 
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descending portion of the aortic arch. This 
is rapidlv carried down the thoracic and 
abdominal aorta by the aortic blood flow. 
The resultant technique is based upon the 
above principles. 


TECHNIQUE 


Most patients receive premedication of 


100 to 200 mg. nembutal and 100 mg. 
demerol. The patient is positioned for an 
anteroposterior view of the abdomen over 
the Elema-Schónander rapid film changer, 
and a preliminary roentgenogram is made 
and checked for position and technique. 
After preparation of the left antecubital 
fossa with an antiseptic solution, the course 
of the left brachial arterv is palpated and 
the puncture site is selected and infiltrated 
with local anesthetic. The operator then 
makes the arterial puncture with a No. 17 
gauge needle, attempting to transfix ante- 
ror and posterior arterial walls. The 
needle* used is a special blunt-ended, thin- 
walled needle with a fine-pointed obturator. 
After piercing both walls of the arterv, the 
obturator is withdrawn and the blunt- 
ended needle is withdrawn until arterial 
blood actively spurts from the needle. This 
signifies that the needle tip is in the arterial 
lumen. The needle is then gently advanced 
5 to 8 cm. to secure its position in the ar- 
tery. The needle is connected to the Gid- 
lund automatic injector, and 1 cc. per kg. of 
body weight of so per cent hypaque (diatri- 
zoate sodium) i is injected under a pressure 

of 8 kg./cm.? Roentgenography of the ab- 
domen is begun at the rate of 3 to 4 expo- 
sures per second immedi atelv before the 
completion of the injection. The number 
and rate of exposures are determined by the 
phase of aortic and/or renal circulation 
under investigation. Twenty-four roent- 
genograms are usually used in abdominal 
and renal angiography. The procedure is 
illustrated in Figure 1, ,7-D. The resulting 
roentgenograms are shown in Figures 2 
through 11, inclusive. 


* Karras needle for brachial aortography, No. X 14136, Becton- 
Dickinson Company. 
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DISCUSSION 
Following. the retrograde injection of 


contrast material into the left brachial 


artery, the medium fills the left axillary 
artery, the left subclavian artery and the 


descending aortic arch. The medium then 
travels down the aorta under the bodv's 
systemic blood pressure. In traveling this 
course, the left vertebral, renal and iliac 
arteries are routinely filled. The aortic 
arterial pressure prevents significant filling 
of the ascending and transverse portions of 
the aortic arch. Thus, the left common 
carotid, the innominate, the right common 
carotid and right vertebral arteries are not 
filled. The flow through the thoracic and 
abdominal aorta is very rapid with opacifi- 
cation of the aorta lasting for only 1 to 3 
seconds. This technique of percutaneous 
brachial artery pressure injection through a 
No. 17 gauge needle as a replacement for 
catheterization of the brachial artery has 
been used in well over 200 patients at this 
hospital in performing right and left bra- 
chial cerebral angiographies. No serious 
difficulties have been encountered in this 
method of injection. In an occasional pa- 
tient one may not be able to cannulate the 
brachial artery. In 2 patients, in this series 
of over 70 brachial aortographies, the con- 
trast medium has been injected outside the 
artery. Aside from the initial discomfort in 
the arm, there was absolutely no sequela. 
The bolus of contrast medium upon reach- 
ing the thoracic aorta causes a “heavy, 
warm" feeling in the chest. The patient 
should be warned of this sensation and told 
not to move. He mav be assured that it will 
last for onlv a few seconds. 

The aortograms and renal angiograms 
obtained by this method are nearly alwavs 
of excellent quality.Serial roentgenographic 
visualization of the renal arteries and subse- 
quent nephrograms are of definite value in 
the evaluation of the renal vascular supply. 
Main and branch renal artery occlusions, 
narrowing, poststenotic dilatation, segmen- 
tal mural fibrosis, accessorv renal arteries 
and abnormal renal vessels associated with 
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liG. 1. (4) After palpating the course of the left brachial artery, the puncture site is selected. The needle is 
then inserted into the arm attempting to pierce both walls of the artery. (B) After removal of the pointed 
obturator, the blunt-ended needle is withdrawn until arterial blood actively spurts from the needle. (C) 
The blunt-ended needle is then threaded up the artery a short distance (5 to 8 cm.). (D) When the needle 
is in final position, it is connected to the Gidlund automatic injector. 





lic, 2. (4) Left brachial aortogram showing excellent opacification of the aorta and both renal arteries. 
Note the accessory renal artery on the right. There is also some opacification of the splenic and mesenteric 
arteries. (5) Early nephrographic phase from the aortogram. 
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lic. 3. Normal left brachial aortogram. Note the 
good visualization of both main renal arteries and 
their secondary branches. 





lic. 5. Left brachial aortogram centered over the 
pelvis to show the bifurcation of the iliac arteries 


renal carcinoma have all been demon- and thar Se ON 


strated by this method. Aortic and iliac 

occlusions, abdominal aneurysms, and an ized. This technique, to our knowledge,? has 
arteriovenous fistula have also been visual- never before been used to perform abdomi- 
nal aortography. We feel that its advan- 
tages are many. In our experience it has 
been completely safe and consistently suc- 
cessful. It has been performed in a patient 





ic. 6. Left brachial aortogram showing complete 
occlusion of the left renal artery and marked 





Fic. 4. Normal left brachial aortogram with good stenosis of the right renal artery. There is some 
visualization of the renal arteries. There is some opacification of the mesenteric artery which in this 
opacification of the splenic, hepatic, and mes- case lies in profile with the projected position of 


enteric arteries. the left kidney. 
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lic. 8. Lett brachial aortogram in a 78 year old obese 
hypertensive female in severe congestive heart 





ic. 7. Left brachial aortogram in a patient with failure. There is complete occlusion of the left 
marked scoliosis. Note the location of the aorta renal artery and segmental mural fibrosis of the 
and the relatively long course of the right renal right renal artery. 


artery. 
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liG. 10. Left brachial aortogram demonstrating an 
arteriovenous fistula. Surgery revealed that the 
fistula arose between the ileocolic artery and vein. 


with severe scoliosis, in whom it would have 
been difficult to predict the course of the 
abdominal aorta for direct puncture. The 
technique has been used to investigate the 
thoracic aorta in a patient suspected of 
dissecting thoracic aneurysm. The patient's 
condition prior to the procedure necessi- 
tated the use of intravenous levophed drip 
to maintain his blood pressure at a satisfac- 
tory level. Segmental mural fibrosis of the 
right renal artery and a complete occlusion 
of the left renal artery were demonstrated 
in a 78 year old obese female in hyperten- 
sive congestive heart failure. All of these 
patients withstood the examination with- 
out difficultv. 

The procedure is easily and quicklv per- 











Percutaneous Left Brachial Aortography 569 





Fic. 11. Left brachial aortogram demonstrating 
an abdominal aneurysm. 


formed under local anesthesia without need 
of an angiography team, cut down, electro- 
cardiographic monitoring or arterial cathe- 
terization. Most of the procedures have 
been performed by radiology residents and 
have not taken more than 30 to 45 minutes 
to complete. 

Further advantages are that it does not 
involve tampering with a diseased aorta, 
and it can be used to study occlusions and 
aneurysms without risk of retroperitoneal 
leakage or subintimal injection. To date, 
the procedure has been readily accepted by 
reterring physicians and patients. 


SUMMARY 


A new technique of thoracic and abdomi- 
nal aortography and iliac and renal angiog- 
raphy has been described. The procedure 








Fic. 9. (4) Left brachial aortogram in a 21 year old female with hypertension. The right renal artery is 
normal. There is an occlusion of a secondary renal artery to the lower pole on the left. In addition, there is 
stenosis with poststenotic dilatation of one of the branches to the upper pole. (B) The nephrographic phase 
shows a difference in nephrograms and demonstrates the collateral blood supply to the lower pole via the 
left second and third lumbar, the periureteral and the intercostal arteries. 
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has been successfully performed 1n over 7o 
patien ts. Bv means of a percutaneous pres- 
sure injec tion through a No. 17 gauge 
needle in the left brachial artery, excellent 
serial visualization of the Abdon ml aorta, 
renal arteries a ilia ac ves sels has 
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POSTSTENOTIC AORTIC DILATATION AS A 
ROENTGEN SIGN IN CONGENITAL 
VALVULAR AORTIC STENOSIS* 


by KURT R. STRAUBE, M.D.,f JOHN C. McMILLAN, M.D., VICTOR D. MENASHE, M.D., 


PORTLAND, OREGON 


LATTE ef al? have recently reviewed 

roentgenologic features of aortic valve 
lesions. The present report gives data and 
a discussion of the mechanism, incidence 
and roentgenologic usefulness of one of the 
findings commonly encountered in valvular 
aortic stenosis, namelv poststenotic dilata- 
ท อ ท . 


METHOD AND DATA 


(1) The conventional roentgenograms 
of 58 patients with the diagnosis of con- 
genital stenosis of the aortic valve were 
evaluated as to the presence and character- 
istics of unusual proximal aortic dilatation 
(Table 1, 11 and n1; and Fig. 1, Æ and B). 
In 35 patients the diagnosis was substanti- 
ated bv one or combinations of the follow- 
ing: (a) manometric demonstration of a 
transvalvular pressure gradient, (b) direct 
contrast visualization of the lesion, (c) its 
surgical identification and (d) autopsy. 
Diagnosis in the remaining 23 patients was 
based solely on clinical grounds. Known or 
probable instances of nonvalvular left 
ventricular outflow tract obstruction were 
excluded; otherwise, the presence or proba- 
bility of concomitant defects (including 2 
instances of aortic insufficiency) did not 
occasion the exclusion of cases from this 
series. The data obtained were considered 
in relation to roentgenographic projections, 
age of the patient and magnitude of record- 
ed transaortic pressure gradients wherever 
available. 

(2) Routine chest roentgenograms of toc 
male and 100 female apparently healthy 
hospital employees, ranging in age from 18 


ไก บ อ I 
TOTAL NUMBER OF CASES OF AORTIC STENOSIS FOUND 
ON POSTEROANTERIOR, OR POSTEROANTERIOR AND 
LEFT ANTERIOR OBLIQUE ROENTGENOGRAMS 


A. Poststenotic dilatation present.......... 21 
ta POV OR CASES. cos bero bay Rb 16 
2. Clinically diagnosed cases... .... Is 


B. Poststenotic dilatation present on 
left anterior oblique study only...... 4 


t. Proven cases... .. sess 1 
2, Clinically diagnosed cases........ 3 


C. Poststenotic dilatation absent on pos- 


teroantelor study. 0 33 
I, Proven Cases ee ee 15 
2, Clinically diagnosed cases....... 18 
ล 3 1313+31+ 1 ED s$ 


to 25 years, were searched for instances of 
prominence of the ascending aorta. In 3 
males and 4 females where this was judged 
to be present, history and phvsical exami- 
nation failed to give evidence of any cardiac 
lesion. 

(3) An acrylic plastic cavitv model! was 
constructed to simulate a stenotic aortic 
valve and the supravalvular aorta. Flow- 
patterns were observed and photographi- 
cally recorded during the passageof particle- 
bearing fluid through this model. 


DISCUSSION OF RESULTS 


As shown in Table 1, the roentgenologic 
finding of unusual prominence of the 
ascending aorta was Judged to be present in 
21 of the 58 patients with diagnosed aortic 
stenosis. Considering only the "proved" 
group It was present in 16 of 3¢ patients. 


(Ce 


This investigation, conducted in the Minthorn Memorial Laboratory, was aided by grants from the Oregon Heart Association, the 
U. S. Public Health Service, National Institutes of Health grant H-3275 and the Mallinckrodt Chemical Works, 
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TABLE H 
AGES OF PATIENTS STUDIED 


Poststenotic Dilatation 


Present 
Age 
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The increased aortic prominence associated 
with valvular aortic stenosis was found to 
differ from that often seen in patients with 
arteriosclerotic elongation of the aorta, 
hypertension, coarctation and aortic in- 
sufficiency. In the latter conditions the dila- 
tation is diffuse and results in roentgeno- 
graphically evident prominence of the en- 
tire right border of the ascending aorta; in 
aortic stenosis the enlargement tends to be 
localized to the proximal aorta and its 
roentgenologic manifestation takes the 
form of a lateral bulge at or below the bi- 
furcation of the right main bronchus. The 
foregoing remarks apply to the frontal 
roentgenographic projection; similar find- 
ings are usually also present in left anterior 
oblique and lateral views. In a few instances 
left anterior oblique roentgenograms alone 
were informative. As shown in Table i, the 
finding proved to be of greatest value dur- 
ing the second decade of life. Perhaps the 
infrequemcy of its presence in children re- 
flects the role of time in the development 
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of poststenotic aortic dilatation. No doubt 
the effects of vascular aging are partly 
responsible for the limited diagnostic value 
of the sign in adults. In 26 patients where 
pressure gradients had been recorded, no 
correlation could be established between 
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CORRELATION OF POSTSTENOTIC DILATATION AND 
GRADIENT IN 26 PATIENTS 
(ages in years of patients in brackets) 
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Fic. 1. Sixteen year old white male (UOMS #27-43-08). (4) Anteroposterior and (B) left anterior oblique 
roentgenograms showing typical prominence of the aorta characteristic of poststenotic dilatation. 


proximal aortic dilatation and the trans- 
stenotic pressure gradient (Table 111). In 4 
patients of 10 years of age or less, there was 
no evident dilatation despite gradients of 
over 100 mm. Hg, while in 4 patients rang- 
ing in age from. I4 to 17 years there was 
definite poststenotic dilatation with gradi- 
ents of less than 40 mm. Hg. 


MODEL STUDY OF MECHANISM OF 
POSTSTENOTIC DILATATION 

Man’s aorta is round in cross section, its 
walls are elastic and the aortic valve 
stenotic or not—exhibits vigorous cvclic 
displacement. Clearlv, our cavity model is a 
crude simulation, lacking among other 
things, the depth, elasticity and mobility of 
its 74 vivo counterpart; nevertheless, it 
proved adequate for visualizing applicable 
elements of hydrodynamic behavior. By 
means of direct observation, single ex- 
posure photography and 1,000 frames per 
second moving pictures, we have demon- 





strated in this and similar models that in 
the presence of valvular stenosis a high 
velocitv jet passes through the orifice to im- 
pinge on a wall of the poststenotic cavity 
(Fig. 2). While in the present model the site 
of impingement is such as to suggest that 
jet force per se may play a role in post- 
stenotic dilatation, an even more impor- 
tant mechanism is evident. As shown in 
"cross section photography” in Figure 2 
and illustrated diagrammatically in Figure 
3, the downstream Jet eventually gives way 
to peripheral turbulence in the form of op- 
posing, counter-rotating, more or less circu- 
lar backflow currents. We believe* the un- 
opposed lateral centrifugal forces exerted 
by this turbulent flow to be the major, 
direct cause of poststenotic dilatation. As- 
suming this to be the basic mechanism, it is 
evident that poststenotic dilatation is re- 
lated to manv interdependent variables 


* This concept came to our attention through a 1953 conversa- 
tion with Dr. L. H. Peterson. 
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Fic. 2. Acrylic model simulating aortic. valvular 
stenosis. Note the central jet and the peripheral 
vortices. 


such as time, orifice size and shape, Jet 
trajectory, downstream cavity contour, 
cardiac output, arterial wall resistance— 
even blood viscositv. There are without 
doubt other important factors but in any 
case it may be concluded that poststenotic 
aortic dilatation is an undesirable and abor- 
tive product of left ventricular work. 


SUMMARY 


1. Poststenotic dilatation of the ascend- 
ing aorta was seen on the conventional 
roentgenograms (posteroanterior and/or 
left anterior oblique projection) in 25 out of 
58 cases of congenital aortic stenosis. The 
incidence of widening of the ascending 
aorta in 100 normal males and 100 normal 
females (aged 18 to 25 vears) was 3 and 4 
per cent, respectivelv. 

2. In this series, the roentgen finding of 
poststenotic aortic dilatation 1 ท congenital 
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Fic. 3. Diagram of jet stream of peripheral turbu- 
lence. The solid arrows represent opposed self- 
cancel ing forces. The striped arrows indicate un- 
opposed forces; together with the central jet they 
are responsible for the production of poststenotic 
dilatation. 


aortic stenosis was age-dependent but ap- 
parently unrelated to the magnitude of 
transstenotic pressure gradient. 

3. Poststenotic dilatation is due to un- 
opposed lateral pressure from vortices 
secondary to jet flow. 


Kurt R. Straube, M.D. 
6407 S.W. Luradel St. 
Portland, Oregon 
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ANEURYSM OF THE AZYGOS VEIN, 





ETIOLOGY U? 


DETERMINED 


By WILLIAM A, WALKER, M.D. 


GALVESTON, TEXAS 


ZYGOS phlebectasia has been reported 
as the result of congestive heart fail- 
ure,’ portal hypertension? as a compensa- 
tory phenomenon when the azvgos svstem 
is serving as a collateral circuit due to ob. 
struction of a major vein,® and in associa- 
tion. with hvpoplasia or absence of the 
inferior vena cava.?? In all cases operated 
upon, the venous dilatation has been gen- 
eralized. We have latelv encountered a case 
of localized aneurvsmal dilatation of the 
azvgos vein which simulated a mediastinal 
neoplasm and which is reported here be- 
cause of its rarity. Schmidt! appears to have 
reported the only similar case, in an adult 
female, for which no cause could be deter- 
mined at surgery. 


REPORT OF A CASE 





J.D.S., No. 7553-D, a 23 year old white male, 
was admitted to John Sealy Hospital. on 
November 11, 1962. A routine selective service 
roentgenographic examination in September, 
1961, revealed a "chest abnormality” which 
was said to deserve urgent attention. He was 
referred to his local doctor for diagnosis and 
treatment. A delay of 1 year occurred, and the 
patient was not seen at John Sealy Hospital 
until October, 1962. 

The patient had no complaints and had al- 
ways been in excellent health. His past history 
was noncontributory. The family history re- 
vealed heart disease of some type in his mother 
and a history of “brain tumor” in his father. 

The physical examination was entirely nor- 
mal. His blood pressure was 120,80, pulse 86 
and regular, respirations 16 per minute, weight 
185 pounds, and height 4 feet, 8 inches. Labo- 
ratory examinations were within normal limits. 

Chest roentgenograms, including both ob- 
lique projections, revealed a mediastinal mass 
to the right of the trachea and above the right 
main bronchus (Fig. 1, .4-D). The m argins were 
smooth and distinct. Its contour was semi. 
circular with convexity to the right, The 


5 


La 


density was homogeneous, and the mass meas- 
ured approximately 8X 7X: cm. Three serial 
roentgenograms of the chest were available and 
revealed a doubling in size of the lesion over an 
i1 month period. No other roentgenologic pro- 
cedures were performed. A differential diag- 
nosis was suggested and included lymphoma, 
bronchogenic cyst, enteric cyst, thymoma, ร น ไว - 
sternal thyroid, and aortic aneurysm. 

Surgery was performed on November 1 a 
1962 after a negative scalene lymph node 
biopsy. A large cystic aneurysmal sac was ex- 
cised after ligation of the azygos vein proximally 
and distallv. The lesion was adherent to the 
superior vena cava but did not compress it.’ The 
postoperative course was uneventful. 

The specimen consisted of an irregularly 
shaped, globular mass with a diameter of 8. I 
X7X5.5 cm. and a weight of 205 gm. At one 
pole there were two small venous channels, 
Sections revealed dark, red clotted blood within 
the mass; there was no solid tissue within the 
structure. The inner wall was smooth and 
glistening with some small thin fibrous trabecu- 
lations. The outer surface was surrounded by a 
few anthracotic lymph nodes and numerous 
tags of adipose tissue. Microscopic sections of 
the cystic wall revealed a typical venous archi- 
tecture. The pathologic diagnosis was venous 
aneurysm. The surgeon stated that the speci- 
men was from the major azygos vein. 


DISCUSSION 





No cause for the azvgos vein aneurvsm 
could be found at surgery. Congenital or ac- 
quired localized weakness of the wall of the 
vein was assumed, and the rapid increase in 
size over a relatively short period of time 
may have been due to intermittent func. 
tional or organic obstruction. 

Once the possibility of azvgos phlebecta- 
sia i$ considered, several diagnostic proce- 
dures are available to aid in correct inter- 
pretation. Routine fluoroscopic examina- 
tion may reveal an increase in size of the 
lesion during the Valsalva maneuver and a 
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Vic. 1. (4) Posteroanterior chest roentgenogram in December, 1961. The aneurysm is seen to the right of 
the trachea. (B) Posteroanterior chest roentgenogram in October, 1962. Note the increased size of the 
aneurysm. (C) Posteroanterior and (D) right anterior oblique roentgenograms in November, 1962 show 
that the aneurvsm continues to enlarge. 
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decrease in size during the Muller test. 
Angiocardiography may outline the aneu- 
rysmal structure, especially if the superior 
vena cava is obstructed distal to the azygos 
orifice. Schwartz ef al? have beautifully 
demonstrated the azygos system with bila- 
teral simultaneous injections of contrast 
material into the eight and ninth posterior 
ribs; in selected cases this method of intra- 
osseous venography may be diagnostic. 


SUMMARY 


A case of azvgos vein aneurysm without 
apparent cause is reported. Measures to aid 
in the preoperative diagnosis are suggested. 
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THE HEPATIC ARTERY* 
THE IMPORTANCE OF ANGIOGRAPHIC VISUAL IZATION 
ROBERT SHAPIRO, MD., 
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PPROXIMATELY 130 aneurvsms of 
the hepatic artery have been 70 
in the literature to date, อ ท ไจ 4 of which 
were visualized by contrast angiography. 
Steinberg,” Shumacker and Sidervs,? and 
Kirklin e a7.!? each described a single case 
of aneurysm of the hepatic or celiac artery, 
diagnosed at previous laparotomy, and 
subsequently opacified by intravenous or 
translumbar tech niques. Mackay and 
Page! presented an interesting patient 
with hemobilia, in whom the diagnosis of 
aneurysm of the right ก artery was 
hnallv established bv « r 
raphy. Other than these ก exceptions, 
hepatic artery aneurysm has usually proved 
to be an unsuspected, often catastrophic 
finding for the surgeon exploring the right 
upper quadrant with a preoperative diagno- 
sis of biliary tract disease. 

The importance of a correct preoperative 
diagnosis is evident from the numerous 
surgical case reports of uncontrollable 
bleeding at the time of cholecystectomy, 
eventuating in death either from exsanguin- 
ation or from liver necrosis following blind 

0 or suturing of me oe artery. 
of 26 Duden coming to su rger y den w th 
the lesion unrecognized in 12. In a similar 
vein, Quattlebaum!? reported a patient who 
was ‘explore ed on three separate occasions 
because of massive hemor rhage fron? a Ts 
tube, in whom the final diagnosis of hepatic 
artery aneurysm eroding into the common 
duct was established only at autopsy. 

In addition to the preoperative knowl- 
edge of the presence of an aneurvsm, its 
precise location on the hepatic arterv and 
its relationship to the right gastric and 
gastroduodenal branches are invaluable to 
the surgeon in planning the proper proced- 


ure. Michels’ has stressed the great vari- 
ability im hepatic blood supply, pointing 
out that aberrant hepatic arteries occurred 
in 4$ per cent of his dissection material. 
The presence of such collaterals may per- 
mit direct ligation and excision of the 
aneurysm without more formidable graft- 
ing or revascularization procedures. The 
feasibility of ligating the hepatic artery 
proximal to its gastroduodenal branch has 
been demonstrated in animals? and man,’ 
since the latter vessel usually supplies 
adequate collaterals through the superior 
mesenteric artery. An aneurysm situated 
between the origin of the hepatic artery and 
its gastrocuodenal branch can, therefore, 
be safely handled by direct ligation. The 
closer the bgature is to the liver, the greater 
the danger of hepatic necrosis. Obviously, 
clear visua ‘ization of the distal extent of the 
aneurysm is most desirable. McCorriston, 
Allin and Crowell” have successfully used 
the splenic artery in a splenohepatic anas- 
tomosis to re-establish hepatic blood sup- 
plv, after excising an aneurvsm. Because 
the splenic artery in these cases may also be 
aneurysma! or thombosed (as in our pa- 
tient), its visualization preoperatively is of 
considerable importance to the surgeon. 
Some aneurysms are gradually occluded by 
thrombus formation with the development 
of adequare hepatic collaterals. This find- 
ing, demonstrated in the aortogram in the 
case of Kirxlin ef a7)? by failure to fill the 
right and left hepatic branches distal to the 
aneurvsmal sac, enabled direct ligation 
and excision of the artery to be performed 
without fezr of the usual consequences.! 
The importance of precise knowledge re- 
garding the site of the aneurvsm and its 
patencv, the presence of aberrant or col. 
lateral vessels and the possible involvement 


* From the Bepartments of Radiology and Surgery, Hospital of St. Raphael, New Haven, Connecticut, 
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of the celiac axis itself^? makes preopera- 
tive arteriography an essential part of the 
patient's workup. 

The 
hepatic artery aneurysm lies not in visual- 
izing a known aneurysm but in making the 
initial diagnosis. To the authors’ knowl- 
edge, the present case is the first nontrau- 
matic aneurvsm? in which the lesion was 
diagnosed by arteriography without pre- 
liminary laparotomy. 


REPORT OF A CASE 


This 43 year old white male was admitted to 
the hospital because of acute, severe epigastric 
and right upper quadrant pain which awoke 
him from sleep at 4:00 a.m. The pain was severe 
and constant, radiating to the back, but was un- 
associated with nausea or vomiting. There was 
no previous history of gallbladder or gastro- 
intestinal disease. 

The patient had been moderately hyperten- 
sive for § years with blood pressures in the 
range of 180/110. An episode of cardiac failure 
18 months previously had responded to digitalis 
and diuretics and the patient had been main- 
tained well compensated on these medications. 
At that time, a diagnosis of mild aortic stenosis 
was made on the basis of typical auscultatory 
findings and a transaortic mean svstolic pressure 
gradient of 24 mm. at left heart catheterization. 
No past history of rheumatic fever could be ob- 
tained, nor was there any suggestion of previ- 
ous episodes of subacute bacterial endocarditis. 
An intravenous pyelogram and urinary cata- 
cholamines were normal at that time. 

Examination at the present admission re- 
vealed an acutely ill man complaining of severe 
right upper quadrant pain radiating to the back. 
Blood pressure was 176/110. The heart was 
moderately enlarged and the systolic murmur 
of aortic stenosis seemed unchanged. The ab- 
domen was flat without evidence of a fluid wave 
or shifting dullness. There was moderate ten- 
derness to deep palpation in the epigastrium 
and right upper quadrant. N 








o pulsatile masses 
could be felt and, even in retrospect, no bruits 
or murmurs were heard. The patient was afe- 
brile. The hemoglobin was 15 gm. per cent; 
there was ล moderate leukocytosis of 15,800 
with 78 per cent polymorphonuclear cells. The 
initial impression was acute cholecystitis or 
pancreatitis. 


chief problem in the diagnosis of 
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The acute symptoms gradually subsided, but 
right upper quadrant pain with prominent back 
radiation persisted throughout the hospitaliza- 
tion and required narcotics for relief. Multiple 
serum amylase determinations were within 
normal limits, as was a battery of liver function 
tests. Plain roentgenograms of the abdomen 
failed to reveal any evidence of right upper 
quadrant calcification; cholecystography and 
an upper gastrointestinal series were normal. 
The electrocardiogram revealed only left ven- 
tricular hypertrophy and digitalis effect. The 
patient was discharged 2 weeks later without a 
definite diagnosis, and with persistent distress- 
ing right upper quadrant and back pain. 

He continued to require narcotics at home 
for pain relief and was eventually readmitted 7 
days later with an acute exacerbation of his 
symptoms. Physical findings remained the 
same but the hemoglobin had dropped from 15 
to 12 gm. per cent without any evidence of ex- 
ternal blood loss. The pain graduallv subsided. 
Because of the rather severe hypertension in a 
relatively young man, retrograde renal arteri- 
ography was performed. Both renal arteries ap- 
peared normal, but an elongated fusiform aneu- 
rysm of the hepatic artery was demonstrated 
(Fig. 1, 4 and B). The dilatation appeared to 
extend from the origin of the hepatic artery at 
the celiac axis to its point of bifurcation into 
the right and left hepatic arteries. Its contour 
was smooth, although somewhat flattened in- 
feriorly in the maximally dilated lateral half of 
the aneurysm. The splenic artery was also 
aneurysmally dilated at its origin. At no time 
was distal filling of the splenic artery or opacifi- 
cation of the spleen seen, suggesting splenic 
artery thombosis. A normal sized left gastric 
artery appeared to be the only uninvolved 
branch of the celiac axis. A second injection in 
the lateral projection (Fig. 2, 4 and B) con- 
firmed the impression that the short celiac axis 
was not involved. There were no atherosclerotic 
changes of the lumbar aorta or its other 
branches. 

On closer study of the hepatic artery, its 
gastroduodenal branch was noted to arise from 
the inferior border of the aneurysm and would, 
therefore, have to be sacrificed in any proposed 
resection. The right and left hepatic arteries 
filled early. It was evident that the aneurysm- 
ally dilated common hepatic artery constituted 
the major source of arterial blood to the liver, 
thereby necessitating a grafting or revascular- 
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Fic. 1. (4) The elongated fusiform aneurysm of 


the hepatic artery is seen to extend from the celiac 
axis to its right and left hepatic branches. The 
splenic artery aneurysm is faintly visualized. (B) 
Diagram of Æ. 


ization procedure following excision of the 
aneurysm. In view of the patient's known rheu- 
matic valvular disease, the possibility of a 
mycotic aneurysm was considered. The per- 
sistent right upper quadrant and back pain, in 
light of the arteriographic findings, was now 
interpreted as indicating leakage or dissection 
of the aneurysm and surgical intervention was 
deemed mandatory. Under hypothermia, the 
hepatic artery aneurysm was resected (Dr. John 
Kneisel) and replaced by a dacron gratt extend- 
ing from the celiac axis to a point just proxima] 
to the bifurcation into right and left hepatic 
branches. The splenic artery aneurysm was also 
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ligated and oversewn at its origin from the 
celiac axis. Biopsies of the liver before and after 
a SO minute occlusion were normal, and the pan- 
creas was normal to palpation. Pathologic ex- 
amination of the resected aneurysm showed 
severe atherosclerotic changes and an area of 
intramural dissection which probably accounted 
for the pain and the blood loss. Postoperatively, 
liver function studies remained normal, but the 
patient developed a severe pancreatitis and ex- 
pired on the fifth postoperative day during a 
procedure to drain his abdomen. Autopsy re- 
vealed the gratt to be intact. However, there 
was a severe necrotic pancreatitis involving 
mainly the head and neck of the organ with al- 
most complete destruction of this portion of the 
gland. 
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G7) Lateral projection of the aneurysm 
(retouched). Note the absence of involvement of 
the short celiac axis. (B) Diagram of 4. 
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DISCUSSION 


Numerous excellent recent reviews of 


hepatic arterv aneurvsms are available in 
the literature. 5257? Therefore, this subject 
will not be considered here. However, 
several points pertaining to the present 
case should be stressed. 

The etiologv of hepatic arterv aneurvsms 
Is generally quoted as infectious in 6 ๐ per 
cent, arteriosclerotic in 22 per cent, and 
traumatic in Io per cent.? From a review 
of the more recently reported cases, we are 
inclined to agree with Hansbrough and 
Lipin’ that arteriosclerosis is more common 
than infection as an etiologic factor. This 
mav have some diagnostic significance in 
view of Jarvis and Hodes'? report of multi- 
loculated ovoid calcifications in the right 
upper quadrant due to an arteriosclerotic 
hepatic artery aneurysm. These authors 
state that few hepatic artery aneurysms are 
likely to be visualized on plain roentgeno- 
grams since calcification probably occurs 
only in arteriosclerotic aneurysms and 
since this type constitutes only 24 per cent 
of all hepatic artery aneurysms. Quinn and 
Martin!’ recently reported another calci- 
fied hepatic artery aneurvsm that was mis- 
diagnosed as a pancreatic cyst. It seems to 
us that hepatic arterv aneurysm should be 
added to intramural gallbladder calcifica- 
tion and calcified renal, pancreatic or 
ecchinococcus cyst as a cause of calcified 
cvst-like densities in this area. This roent- 
genologic finding, associated with the 
classic triad of right upper quadrant pain, 
jaundice and gastrointestinal bleeding! is 
practically diagnostic and should certainly 
lead to arteriographic studies. 

Bruwer and Hallenbeck? reported a 
shallow smooth filling defect along the 
superior border of the duodenal cap that 
resembled a gallbladder impression but was 
due to an arteriosclerotic hepatic artery 
aneurysm. The gastrointestinal series in the 
authors’ case was reviewed with this finding 
in mind but no duodenal deformity was 
seen. However, localized extrinsic pressure 
on the duodenal cap was noted in several 
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of the reported cases and constitutes an- 
other clue to this difficult diagnosis. 

lhe recent attention to hemobilia as a 
cause of massive gastrointestinal bleeding 
has renewed interest in hepatic artery 
aneurysms, since the latter, together with 
liver trauma, constitute the two most com- 
mon causes of hemorrhage from the biliary 
tree. Eighty per cent of hepatic artery 
aneurysms rupture and bleed, if untreated. 
Rupture into the peritoneal cavity, the 
more common mechanism, is rapidly fatal. 
However, rupture into the common bile 
duct or duodenum may result in recurrent 
episodes of upper gastrointestinal bleeding. 


The often associated jaundice is caused 


either by pressure of the aneurvsm on the 
common duct or bv obstructing blood clots. 
The importance to the surgeon of know- 
ing not onlv the presence of an aneurvsm 
but also its precise anatomy cannot be over- 
emphasized. The most satisfactory proce- 
dure is usually the one that successfullv 
excludes the aneurysm and maintains the 
hepatic arterial supply with a minimal of 
dissection. Most of the reported cases that 
mu survive d were es n simple 
of e The extensive rn tion required 
tor the prosthetic graft in the present case 
was, in all likelihood, responsible for the 
post-operative pancreatitis. Because of the 
extent of the aneurvsm and the absence of 
hepatic collaterals, such an extensive pro- 
cedure was necessary. However, arterio- 
graphy will disclose those cases in which 
proximal ligation or ligation and excision 
will suffice. Markowitz ef a. have demon- 
strated the importance of postoperative 
antibiotics in preventing hepatic necrosis 
when the arterial supply is borderline. 
The major problem remains the initial 
diagnosis of the lesion in the patient with 
obscure right upper ' pain. 
Schatzki? has epitomized the general feel- 
ing in hisstatement that “The preoperative 
diagnosis of the [hepatic] aneurysm is 
usually impossible." Certainly, the demon- 
stration in the present case was a fortuitous 
one. However, several authors!" have 
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hinted at the 


€ 


John Doppman, Robert Shapiro and Mario Conte 


value of arteriography in 


various difficult abdominal problems. Per- 
haps a wider use of this technique in cases 


of obscure 


abdominal pain would prove 


more rewarding than we suspect. 


SUMMARY 


A case of hepatic artery aneurysm is 


presented and the importance of arteriog- 
raphy in the diagnosis and preoperative 
planning is stressed. 
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ROENTGENOLOGIC EVALUATION OF MULTIPLE 
RENAL ARTERIES 


By GEORGE D. DAVIS, M.D., Section of Roentgenology; OWINGS W. KINCAID, M.D., Section 
of Roentgenology; and JAMES C. HUNT, M.D., Section of Medicine 
Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


เต ต ล ต of renal arteries are now widelv 
recognized as a cause of svstemic hvper- 
tension. The search for such lesions is im- 
portant because they occur more frequently 
than was appreciated a few vears ago and 
also because curative surgical treatment can 
be offered to a significant number of these 
patients if a corrigible lesion can be found. 
In addition, renal revascularization may 
significantly improve renal function or 
ameliorate hypertension or both even if 
permanent total relief is not possible. 
Renal arteriography is the most impor- 
tant single diagnostic procedure for re- 
vealing the location, nature and extent of 
abnormalities of the renal arterial anatomy. 
The information this examination provides 
is most useful in deciding if and what type 
of operation should be undertaken. As 
knowledge in the field has advanced, it has 
become necessary to consider verv detailed 
anatomic structures of renal vasculature. 
Thus, we have advanced from the stage of 
being content simplv to demonstrate com- 
plete arterial obstruction to the stage of 
needing to recognize such minute changes 
as arterial branch stenosis and early mini- 
mal changes of medial fibromuscular dvs- 
plasia.?:!3 
Coincident with the demonstration and 
evaluation of small vascular detail has come 
an appreciation of the fact that the kidnevs 
are rather frequently supplied by multiple 
arteries of varying size and location and 
that one or more of these vessels mav be the 
site of a stenotic process. Because there are 
few references on the incidence of multiple 
renal arteries observed on roentgenologic 
examination of hypertensive patients and 
because the role they may play in the pro- 
duction of renovascular hypertension is not 
well documented, we have reviewed the 


literature and our own experience of the 
past 30 months in renal arteriography with 
reterence to these two points. 


BACKGROUND INFORMATION 


That renal arteries may be multiple has 
long been known. Standard textbooks of 
anatomy and embryology!!! explain that 
the embryonic urogenital ridge in which 
the kidney develops is supplied by multiple 
paired vessels, the rete arteriosum urogeni- 
tale. These mesonephric kidneys, located 
as far caudad as the first sacral segment, 
are initially supplied by many paired 
arteries derived from the aorta and iliac 
arteries. As the embryo develops and the 
subsequent metanephric kidney becomes 
located in a more cephalad position, all but 
one pair of mesonephric arteries usually 
disappear but a variable number may per- 
sist. Some may run in a common pedicle 
with the main renal artery, while others 
may pursue an independent course to one 
of the poles of the kidney. There may be no 
clearly recognizable main renal artery, a 
pair or a group of smaller arteries taking 
the place of the usual anatomic arrange- 
ment (Fig. 1 through 4, inclusive). Merklin 
and Michels,” in an exhaustive study of 
anatomic statistics compiled from 11,000 
necropsy cases, commented that “aber- 
rant" renal arteries may arise anywhere 
between the eleventh thoracic and the 
fourth lumbar vertebral level. They, too, 
stress that so-called aberrant arteries are 
really persistent mesonephric vessels. Since 
the gonads also develop from the same 
primitive urogenital ridge, it is not surpris- 
ing that one may occasionally see an 
artery arising from an ovarian or testicular 
artery but terminating in a kidney. Those 
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Fic. t. Upper right polar artery arising from aorta 
well above main renal arteries, Also note prehilar 
branching of left renal artery. 


arising from an iliac artery may be asso- 
ciated with an ectopic kidney. 

Various terms have been used to desig- 
nate these persistent mesonephric arteries. 
Since thev are ontogenetic remnants of à 
normal process, neither the term "aber- 
rant" nor the term "anomalous" seems 
quite proper. Often these vessels arise close 
to the main renal arterv and parallel it in a 
common pedicle to the kidney. The terms 
“auxiliary,” “accessory” and "supplemen- 
tary” connote an already adequate or com- 
plete vascularization of the kidney by a 
main artery when such is not the case. In 
fact, each of these additional arteries, like 
the main renal artery, 1s a terminal vessel 
and acts as the sole supply to a circum- 
scribed segment of renal parenchyma. It 
does not supplement the circulation sup- 
plied by a branch of the main artery, nor 
does it anastomose with other arteries. 

This general fact about renal artery dis- 
tribution has been well substantiated by 
the dissections of Merklin and Michels’ 
and the anatomic studies of Graves* and 
further supported by the classic angio- 
graphic investigation of Boysen.* The term 
“supernumerary,” as suggested bv Merklin 
and Michels, is perhaps ล ท accurate de- 
scriptive one, but unwieldv. Graves? and 
Derrick and Tyson? noted that ligation of 
a supernumerary artery to the lower pole of 
ล kidney produced segmental ischemia. The 
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actual descriptive term emploved is not 
as important as the concept that each per- 
sistent mesonephric artery visualized bv 
renal arteriography represents an indi- 
viduallv functioning structure. 

The frequency with which multiple renal 
arteries occur and the possible significance 
of their presence have become of clinical 
interest chiefly since renal arteriography 
has assumed a major role in the study of 
renovascular hypertension. The data vary. 
Marshall! reviewed 400 necropsy cases for 
these purposes. In his series, 27 per cent of 
the subjects were considered hypertensive, 
but his criteria tor so categorizing subjects 
in this manner were based on tissue findings 
at necropsy as much as on clinical grounds 
and are open to criticism for this reason. 
Nevertheless, he noted that in 49 per cent 
of his normotensive group, aberrant renal 
arteries could be demonstrated, and in the 
group caled hypertensive, more than 8o 
per cent had aberrant renal arteries. Of the 
patients more than 40 vears of age, 83 per 
cent of the hypertensive group and 43 





kia. 2. Supernumerary artery to each kidney arising 
low from aorta. Thereis also a second supernumer- 
ary artery to the left kidney, arising from aorta 


near main renal artery. 
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per cent of the normotensive group had 
anomalies of the renal arteries. It is not 
clear whether he may have included pre- 
hilar branching or other variations in a 
main renal artery as being "aberrant." On 
the other hand, Derrick and Tyson,’ sam- 
pling at random 110 necropsy reports on 
the aorta and kidnevs, accepted onlv those 
specimens in which there were multiple 
origins of renal arteries from the aorta. The 
patient was considered to be hypertensive 
when the blood pressure had been more 
than 140 mm. of mercury systolic and go 
diastolic. Multiple renal arteries were 
present in 22.7 per cent of the 110 speci- 
mens. Of the r10 subjects, 29.1 per cent 
were considered hypertensive. The inci- 
dence of supernumerary arteries in relation 
to the presence of hypertension was signifi- 
cantly different; only 17.7 per cent of the 
normotensive group but 68 per cent of the 
hypertensive group had “aberrant” renal 
arteries. 

These data differ from those obtained 
from angiographic studies by Edsman? and 
Boijsen.? Edsman found the over-all inci- 
dence of multiple renal arteries to be 20.5 
per cent. His group of 625 cases included 71 


Multiple Renal Arteries 


Aa 
OT 
a 





Fic. 3. Multiple persistent mesonephric arteries to 
both kidneys, arising close together from aorta. 


instances of hvdronephrosis, and in 38 per 
cent of this subgroup he found additional 
renal arteries. His studv did not include a 
hypertensive subgroup, however. Boijsen 
found multiple renal arteries in 23.8 per 
cent of his group of 638 kidnevs studied 
angiographically. Included was a subgroup 
of 64 hydronephrotic kidneys, 51.6 per cent 
of which had multiple renal arteries. Again, 
no study was made of hypertensives. 

The discrepancy between incidence rates 
based on anatomic studies and those based 
on 17 vivo angiography may be explainable 
by the limits of resolution of detail in the 





FrG. 4. (a and 4) Ectopic kidney supplied by multiple arteries arising both from distal aorta and from 
one iliac artery. One vessel was occluded and two were stenotic. 
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living subject by arteriography. Here, 
detection of a vessel is dependent on its 
filling by contrast agents and projection 
of the image clearly on the roentgenogram, 
free of other confusing anatomic details. 
In order to demonstrate them well enough 
for evaluation, the angiographic procedures 
need to be performed with the most precise 
techniques available in each case. 


TECHNIQUES 


The techniques emploved in this institu- 
tion tor performing translumbar and trans- 
femoral aortography have been previously 
reported,'” but some additional descriptive 
commentary seems pertinent here. 

Percutaneous puncture of the femoral 
artery with retrograde catheterization of 
the aorta is the best method of detecting 
the presence of multiple renal arteries. The 
catheter is advanced upward in the aorta 
under fluoroscopic guidance until its tip 
lies approximately 2 cm. caudad to the 
anticipated level of origin of the main 
renal arteries. High-pressure injection by a 
mechanical syringe of 20 ml. of contrast 
medium in approximately I second is made. 
Films are exposed at the rate of 3 or 4 
per second for 2 seconds, and one additional 
film is exposed after an interval of approxi- 
matelv 10 seconds. 

Roentgenograms so made will ideally 
show sequential progressive filling of all 
the patent renal arteries, parenchymal 
“blush” of medium in the preglomerular 
and postglomerular capillary vessels, and, 
often, medium in renal veins. Even if 
medium flows upstream in the aorta sufh- 
ciently far to fill the superior mesenteric 
artery or celiac axis, branches of these 
vessels will opacify later than the renal 
arteries. For clarity of detail, exposure fac- 
tors must be carefully chosen and deter- 
mined from preliminary scout roentgeno- 
grams. The general aim in roentgeno- 
graphic quality is for rather short-scale 
contrast, employing high milliamperage, 
short exposure time (not more than 0.04 
second), and as low a kilovoltage as 1s 
consistent with adequate bodv penetration. 
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In heavy patients it is better to increase 
the mas. than to exceed 110 kv., in order 
to avoid penetrating the contrast material 
excessively and to minimize scatter in the 
patient. Breathing should be stopped dur- 
ing the first 5 seconds of roentgenographv. 

Although selective renal artery catheter- 
ization and injection produce the best 
definition of detail of a renal artery (Fig. 5), 
this procedure allows filling of only one 
vessel, and the possibility of additional 
renal arterial supply may be missed. In 
addition, it is sometimes tedious to cath- 
eterize the orifice of a renal arterv, espe- 
cially if an aortic plaque encroaches on the 
ostium, and it is often virtually impossible 
to catheterize the orifices of small supple- 
mentary arteries. 

Many patients are not suitable candi- 
dates for aortic catheterization, owing to 
advanced atherosclerosis that causes di- 
minished pulses or very tortuous iliac 
arteries, or owing to aneurysm. In such 
patients, translumbar aortic puncture and 
serial roentgenography, much as described, 
can be employed. Hand injection through 
the needle is preferable to mechanical in- 
jection because there is less hazard of 
injecting a large amount of medium extra- 
luminally. One may choose to puncture the 





Fic. 5. Arteriogram with selective catheterization 
of a renal artery showing good anatomic detail. 
Note washout of medium from aorta. 
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aorta at the twelfth thoracic segment, 
above the level of origin of visceral arteries, 
or near the anticipated level of origin of the 
renal arteries. 

Each site of injection has certain dis- 
advantages. With injection at the upper 
site, the branches of the celiac axis and 
superior mesenteric artery often fill before 
and more densely than the renal arteries. 
This may obscure details of the main renal 
arteries and render very difficult the deter- 
mination or evaluation of supernumerary 
renal arteries. Injection of medium through 
a needle inserted at or near the level of 
origin of the renal arteries usually allows 
rapid filling of the latter without overlap- 
ping shadows of other vessels. At this level, 
however, there are the greater hazards of 
puncture of the left renal artery near its 
origin, of injection directly into it, or of 
injection selectively near the orifice of the 
right renal artery (Fig. 6, a and 4). In 
addition, an intramural injection of con- 
trast material at this level is more likelv to 
dissect into the origin of a renal artery, 
possibly compromising further an already 
diminished blood flow. Also, if the tip of 
the needle extends beyond the midlumen, 
the medium may jet against the opposite 
aortic wall and tend to cling there, leading 
to nonhomogeneous opacification of the 
aorta or the renal arteries. This asymmetry 
of filling could cause improper interpreta- 
tion of flow through vessels on the left side. 
Furthermore, since main renal arteries may 
not be located at the same level on both 
sides and since additional arteries some- 
times arise well above the level of the 
principal vessels, there may be insufficient 
upstream flow of medium above the level 
of injection to permit opacification of high- 
lying arteries. This, too, may lead to either 
Incorrect or incomplete evaluation of the 
anatomy. However, if one is willing to 
incur the additional risk inherent in mul- 
tiple aortic punctures and injections at 
different levels, one can usually visualize 
the renal arterial supply satisfactorily. 

The method of examination must be 
chosen for the individual case at hand, and 
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a second injection at a different level or 
with the patient differently positioned may 
be necessary to depict all vessels satis- 
factorilv. 
MATERIAL AND OBSERVATIONS 

The present studv was based on a series 
of 352 patients examined by aortography 
in whom the renal arteries were visualized. 
Since aortography is not done on normal 
persons, the true angiographic incidence of 
multiple renal arteries in the population 
could not be determined and it was not 
possible to have a true control group. As a 
substitute for this, however, the series of 
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hic. 6. (a) Fortuitous injection at orifice of right 
supernumerary artery with overfilling of it. (4) 
Arteriogram exposed Io minutes later showing 
contrast medium persisting in renal Segment sup- 
plied by supernumerary artery. 
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352 patients included a group of 100 whose 
aortograms were obtained for reasons other 
than hypertension and these were re- 
viewed separately. In these 100 persons the 
indications for aortography were pre- 
dominantly aortoiliofemoral thrombo-oc- 
clusive disease, but also included were 
aneurysm or stenosis of visceral arteries and 
arteriovenous malformation of visceral 
vessels, suspected renal cyst or tumor, 
and questionable aortic aneurysm. Most 
of these patients were studied by use of 
high translumbar puncture and a single 
roentgenogram. In only 9 of the 100 pa- 
tients were multiple renal arteries noted. 
Most of these patients had evidence of 
diffuse degenerative arterial disease and 
some were hypertensive. It is not surpris- 
ing, therefore, that the aortogram in 22 
of the patients showed a stenotic lesion in 
a renal artery occurring in association 
with aortic or iliofemoral lesions. We have 
previously noted a high incidence of 
atheromatous renal artery stenosis without 
associated hypertension in patients $0 or 
more vears of age.!^ 

The main basis for this study was a 
group of 252 consecutivelv made renal 
arteriograms that were obtained in hyper- 
tensive patients. The clinical diagnosis of 
probable renovascular hypertension was 
based on one or more of the following: 
recent onset of severe hypertension, recent 
acceleration of chronic hvpertension, angio- 
spastic changes of the retinal arteries on 
funduscopic examination, an upper ab- 
dominal bruit, and abnormalitv of renal 
function as demonstrated by urographic 
studies, the isotope renogram or renal 
clearance studies. 

Of the 252 patients, 178 had the con- 
ventional arrangement of a single renal 
artery on each side and 74 (29.4 per cent) 
had multiple renal arteries. 

The incidence of multiple renal arteries 


technique of examination (Table 1). Thus, 
with the catheter technique, 34.7 per cent 
of the patients were shown to have multiple 
renal arteries, but with the translumbar 
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puncture technique only 18.8 per cent were 
shown to have multiple renal arteries. 
Rapid serial roentgenography was em- 
ployed with both techniques. According to 
these results, the chances of demonstrating 
multiple renal arteries are almost 2:1 in 
favor of the catheter technique. 

'The incidence of stenotic arterial lesions 
in the hypertensive patients with a single 
renal artery on each side was about the 
same as the incidence for those with mul- 
tiple renal arteries. Thus, of the 178 pa- 
tients having a single renal artery on each 
side, 103 (57.9 per cent) had evidence of 
one or more stenotic renal arterial lesions. 
Of the 74 patients who presented multiple 
renal arteries, 40 ($4.1 per cent) showed 
evidence of stenosis or occlusion in a main 
or supernumerary vessel (Table 1). 

Figures 7 to 11 show representative ex- 
amples of cases studied. 


DISCUSSION 


According to the present study of hyper- 
tensive patients, the probability of depict- 
ing and recognizing small multiple renal 
arteries on aortograms employing aortic 
catheterization is almost twice as great as 
when the translumbar puncture of the 
aorta is used. This implies that renal 
arteries probably were multiple in 35 per 
cent of the hypertensive group rather 
than in 29.3 per cent as actually observed. 
The occasional detection of multiple renal 
arteries at renal operations when none were 
recognized by translumbar aortography 
also suggests that our reported low inci- 
dence by this method may be a result of 
the technique. 

Although the inability to employ optimal 
techniques in aortographies performed for 
reasons other than suspected renovascular 
hvpertension precludes determination of 
the true incidence of multiple renal arteries 
in this group, it seems probable that they 
are not present as often as in the hyper- 
tensive group studied by translumbar punc- 
ture (g per cent and 18.8 per cent, respec- 
tively). 

Exactly what significance the presence of 


VoL. 90, No. 3 


TABLE I 
INCIDENCE OF MULTIPLE RENAL ARTERIES IN 
HYPERTENSIVE PATIENTS ACCORDING TO 
TECHNIQUE OF EXAMINATION 




















Technique 
Patients | | m i 
Catheter- Translumbar 
ization Puncture 
Total 167 85 
With multiple renal 
arteries: | 
No. 58 | 16 
Per cent 34.7 18.8 








multiple renal arteries may have with re- 
spect to causation of hypertension is not 
possible to assess from this study. This 
finding alone was not considered to be an 
indication for a renal operation, nor is 
there record of correcting hypertension by 
alleviating this condition. However, the 
fact that multiple renal arteries arising 
separately from the aorta were present in 
34-7 per cent of the hypertensive patients 
optimally studied suggests more than a 
chance association, and the incidence is 
higher than that observed in either angio- 
graphic or anatomic studies in normoten- 
sive patients. 

One important factor that mav have 


TABLE II 


ARTERIAL STENOSIS IN 74 PATIENTS WITH 
MULTIPLE RENAL ARTERIES 














| No. of | 











, i l Per 
Site of Stenosis Patients Cent 
Main artery (patent super- 
numeraries) | 16 21.6 
Main and supernumerary | 
arteries | 5 6.8 
Supernumerary artery | 
(patent main artery) | 18 24.3 
Mesonephric artery (no 
main artery recognized) | I 1.4 
Total | 40 | 54.I 








Total instances of stenosis 
in small supernumeraries 24 93.4 


Multiple Renal Arteries 589 





Fic. 7. Stenosis of one and complete occlusion of a 
second renal artery to left kidney. Prehilar branch 
of right renal artery is not considered a super- 
numerary vessel. (Reproduced with permission 
from: Kincaid, O. W., and Davis, G. D. Renal 
arteriography in hypertension. Proc. Staff Meet., 
Mayo Clin., 1961, 36, 689—701.) 


significantly affected the results in the 
present study is that this entire group of 
hypertensive patients was highly selected 
for renal arteriography and did not repre- 
sent a complete or typical spectrum of 
clinically seen hypertensive patients. In 
addition to the indications so ably stated 
by Poutasse and Dustan,'^ the findings on 
isotope (hippuran I?) renographv were 
much depended on in the selection of 
candidates. Not only was the isotope reno- 
gram of great value in detecting unilateral 
or bilateral impairment of renal function, 
certain features of which have been found 
to be commonly present in patients with 
renal artery stenosis,’ but when used in 
conjunction with the excretory urogram it 
was also on occasions of material assistance 





fibromuscular dysplasia of right 


Fic. 8. Medial 
renal artery and segmental stenosis of small super- 
numerary artery on left. 
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Fic. 9. Segmental stenosis in supernumerary artery 
(lower arrow) and in prehilar branch (upper arrow) 
of main artery on right. 


in predicting the presence of multiple 
renal arteries. A full discussion of the 
correlation of isotope renography and 
arteriography is outside the scope of this 
paper and is the subject of another study. 
Suffice it to say that since the isotope reno- 
gram 15 in part a measure of renal arterial 
flow to a kidnev, interpretation of it may 
be complicated by the number ot patent 
arteries as well as bv the degree of patency 
of the arteries to that kidney. 

Although it is known that segmental 
renal infarction with peri-infarction “ische- 
mia" can cause hvpertension and that 
ligation of a small supernumerary polar 
artery will cause segmental renal infarc- 
tion, it has not heretofore been well estab- 
lished how often stenosis of one renal artery 





Fic. 10. Short segmental stenosis and poststenotic 
dilatation in large lower polar artery on left 
(arrows); main arteries are patent. 
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Multiple left renal arteries with mul- 
tiple zones of stenosis. 


FIG. TI. 


to a kidney supplied by multiple vessels 
will result in hypertension. Neither is 
it known what degree of stenosis 1s neces- 
sary in a small supernumerary artery before 
the patient becomes hvpertensive. The lat- 
ter is a dificult problem to answer during 
clinical evaluation of a hypertensive pa- 
tient. It is also difficult to obtain good 
surgical correlation in patients with this 
clinical condition because of the technical 
problems in attempting direct arterial re- 
construction of small arteries or segmental 
nephrectomy. Only twice was reconstruc- 
tive surgical treatment successful in 9 
patients operated on because of stenotic 
lesions in small supernumerary arteries. 
The other 7 patients required nephrectomy 
either initially or within 1 year. Two other 
patients had successful repair of a stenotic 
main renal artery associated with patent 
supernumerary arteries. 

Clinical experience does indicate that 
stenotic lesions in supernumerary renal 
arteries are causally associated with vascu- 
lar hypertension. More knowledge is needed 
regarding how and to what degree the 
kidney responds to the relative segmental 
ischemia resulting from such lesions. Then, 
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better correlation between the arterio- 
graphic findings and the clinical handling 
of these patients can be attained, and im- 
proving surgical techniques may permit 
more precise corrective attacks on a larger 
number of these lesions. 

That stenosis does occur in small super- 
numerary renal arteries with important 
frequency is well established bv this studv. 
From Table rr it can be noted that a smaller 
vessel was stenotic or occluded in 24 of the 
74 patients (32.4 per cent) having multiple 
renal arteries. This represents 60 per cent 
of the 40 patients who had multiple renal 
arteries and arterial stenosis. It is even 
more significant, however, that 40 (24.1 
per cent) of these 74 patients showed 
stenotic lesion in ล main or supernumerary 
vessel or both. This is quite similar to the 
57.9 per cent incidence of arterial stenosis 
in patients with a single arterv to each 
kidney. Hence, it is quite important to 
look for these lesions. 

Prior to completion of the present studv, 
Gever and Poutasse? reported on a similar 
studv. Thev found, bv careful translumbar 
aortographv, that 25 per cent of their 
hypertensive patients had multiple renal 
arteries, compared to 34.7 per cent in our 
series ce ned by aortic catheterization. 
On the other hand, thev found that renal 
arterial stenosis existed | in only 31 per cent 
of their group having UP renal 
arteries, compared with $4.1 per cent in 
our group. This discrepancy may be ex- 
plained i in part by the differences in tech- 
nique of arteriography employed, and al- 
so may result from the manner of selecting 
patients for renal arteriography. 


SUMMARY AND CONCLUSIONS 


This study supplements previous ana- 
tomic and angiographic work in showing 
that the arterial supply to the kidnevs is 
frequently variable and that multiple renal 
arteries are more often found in hvper. 
tensive than in normotensive patients. It 
also points out that supernumerary renal 
arteries produce segmental ischemic renal 
changes in a highly significant number of 
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patients with renovascular hypertension. 
Detection and evaluation of these small 
lesions are often difficult and demand the 
most careful control and performance (or 
supervision) of renal angiography by the 
roentgenologist, in whose hands the re- 
sponsibility should lie. The complexities 
of correlating the angiographic findings 
with other clinical diagnostic parameters in 
the investigation and the clinical and 
surgical management of this type of 
hvpertensive patient are discussed. 


Mayo Clinic 
Rochester, Minnesota 
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SEVERE PULMONARY VENOUS OBSTRUCTION IN 
TOTAL ANOMALOUS PULMONARY VENOUS 
CONNECTION TO THE LEFT 
INNOMINATE VEIN* 


REPORT OF CASE 


By LEWIS S. CAREY, M.D.,f end JESSE E. EDWARDS, M.D.t 


MINNEAPOLIS, MINNESOTA 


OTAL anomalous pulmonary venous 

connections have been classified by 
Darling, Rothney, and Craig! into 4 tvpes. 
Type 1 includes those cases in which the 
connection is to an extracardiac vein above 
the diaphragm. Type 11 consists of those 
cases in which the connection is at the 
cardiac level, 7.e., to the coronary sinus or 
directly to the right atrium. Type ri in- 
cludes those in which the anomalous pul- 
monary venous connection is below the 
diaphragm and Type iv, where the anoma- 
lous connections are at multiple levels. 

In most cases of Type 1 and Type ui, the 
features อ ท conventional roentgenograms 
are characteristic and sufficiently distinc- 
tive to suggest the correct diagnosis. Àn 
exception 1s the case reported below. This 
points out the fact that in an occasional 
case of total anomalous pulmonary venous 
connection of Type 1, the roentgenographic 
findings are more like those associated with 
the Type m variety. 


REPORT OF CASE 


A newborn female was admitted to the Uni- 


versity of Minnesota Hospitals because of 


cyanosis. There was no family history of con- 
genital heart disease. 

The birth weight was 3,600 gm. The child 
was intensely cyanotic, but in no apparent 
distress. A grade 1-2 systolic murmur at the 
lower left sternal border was noted. The liver 
seemed enlarged. An electrocardiogram showed 
right axis deviation. 

Roentgenologic Studies. 'The findings on the 


conventional thoracic roentgenograms indi- 
cated the presence of pulmonary venous ob- 
struction. The vascular markings in the lungs 
were not discrete. The individual vessels were 
indistinct and appeared more tortuous than 
usual. The pulmonary fields presented a finely 
nodular and reticular appearance. The heart 
was interpreted as being of normal or near- 
normal size (Fig. 1, 4 and B). 

On the basis of the findings on the conven- 
tional roentgenograms, the diagnosis of total 
anomalous venous connection below the dia- 
phragm was suspected and, for this reason, sub- 
sequent forward venous angiocardiography was 
programmed to make a series of exposures 
over an 8 second period of time. The films in the 
studv were exposed at the rate of 6 films for the 
first second, 5 films for the second second, and 
then 3 films for every subsequent 2 second 
period to make a total of 20 exposures during 
the 8 second interval. Contrast medium en- 
tered the inferior vena cava and resulted in 
simultaneous opacification of the right atrium 
and the left atrium. The left atrium filled com- 
pletely and verv denselv. The next frame 
($ of a second later) showed evidence of 
filling of the right ventricle and of the pulmo- 
nary trunk. The subsequent frame (i of a 
second later) showed intense opacification of 
the left ventricle and of the aorta. Thus all 4 
cardiac chambers and both great arterial vessels 
were densely opacified within the first second. 
By the end of the second second, the pulmo- 
nary arterial vasculature was well filled with 
contrast material—even the finest radicles in 
the periphery of the pulmonary fields. After this 
event there began a gradual change in the ap- 
pearance of the vascular pattern in both lungs. 


* This study was supported by Research grant HE-5694 of the National Heart Institu te, United States Public Health Service. 
1 Departments of Radiology, St. Joseph's Hospital, St. Paul, Minnesota, and the University of Minnesota, Minneapolis, Minnesota, 
t Departments of Pathology, The Charles T. Miller Hospital, St. Paul, Minnesota, and the University of Minnesota, Minneapolis, 
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Fic. 1. Frontal (4) and lateral (B) roentgenograms of the thorax. Mild cardiomegaly. Peculiar stringy and 
nodular appearance of the pulmonary vasculature, typically associated with pulmonary venous obstruction. 


This change became more obvious with time 
and persisted until the end of the study, 7.e., 
until the end of the eighth second (Fig. 2, ,7—). 

The films of the latter part of the study were 
scrutinized for evidence of reopacification of 
the left atrium and for the presence of an 
anomalous venous channel leading from the 
lungs to a site below the diaphragm. No such 
structure, however, was identifiable. In view of 
the findings as given, a diagnosis of severe 
venous obstruction was proposed. It was re- 


the diaphragm or atresia of the common pulmo- 
nary vein. 

The patient was subjected to operation in the 
anticipation that a connection between the 
pulmonary venous system and the left atrium 
could be accomplished. At operation, it was 
seen that *he pulmonary veins from each lung 
entered a common pulmonary venous recess 
from whict there was no obvious outlet. The 
common pulmonary venous recess was then 
divided and, while its right portion was being 


anastomosed to the left atrium, the patient ex- 
pired. 


garded that this represented either a total 
anomalous pulmonary venous connection below 














Fic. 2. Forward angiocardiograms. Exposures were made at the rate of 6 films a second for the first second, 5 
films per second for the second second, and then 3 films every 2 seconds to make a total of 20 angiocardio- 
grams over a time period of 8 seconds. The films are numbered azcording to their position in the study. 
A — ascending aorta; LA —left atrium; RA— right atrium; RV = ก ght ventricle; PT — pulmonary trunk. 
(4 and B) Frontal and lateral projection. There is evidence of a marked right-to-left shunt at the atrial 
level. The right ventricle and pulmonary trunk are opacified. The left and right main pulmonary arteries 
are not vet filled. In the frontal view, the right ventricular cham »er is obscured in part by the contrast 
material within the left atrium. There is simultaneous opacification of the pulmonary trunk and aorta as 
evidenced by a small amount of contrast material to the right of tte pulmonary trunk in the frontal view. 
(C and D) The aorta and pulmonary trunk are now well opacifiec. Relationship of these vessels to each 
other is normal. In the frontal view both ventricular chambers are delineated. (£) At the end of the second 
second the pulmonary arterial vasculature, including small vessels in the periphery of each lung, are well 
opacified. (F) Immediately following Æ, there was evidence of opacification of the pulmonary veins. At the 
end of the eighth second (Film No. 20) the pulmonary veins are stil. filled with contrast material. Compare 
this angiocardiogram with the frontal roentgenogram of the thorax (Fig. 14) and note the similarity in the 
appearance of the pulmonary vasculature. The lack of any filling cf the left atrial chamber at this stage in 
the study suggests that the pulmonary venous blood is draining anomalously. The actual anomalous con- 
nection could not be discerned, but the left superior vena cava was seen to be faintly opacified on re-ex- 
amination of the angiocardiograms. 
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Fic. 3. Roentgenogram of the necropsy specimen 
subsequent to injection with contrast material. 
The right portion of the common pulmonary vein 
was injected first. Resistance to the injection was 
encountered. Contrast medium fills the pulmonary 
veins of the collapsed right lung. Following this, 
the left portion of the common pulmonary vein 
was injected, and little or no resistance was en- 
countered. Injection of contrast medium at this 
site resulted in the opacification of a venous 
channel (LVV) which connected the left extremity 
of the common pulmonary venous recess with the 
left innominate vein (IV). The superior vena cava 
(SVC) and right atrium are also opacified, indicat- 
ing the route of flow of the contrast material from 
the left vertical vein. The arrow points to a nar- 
rowed segment in the anomalous vertical vein. 


Pathologic Findings. Atter death, contrast 
medium was injected into the divided common 
pulmonary venous recess—first on the right side 
and then on the left side—following which 
roentgenograms were made (lig. 3). There was 
resistance to the injection of the contrast me- 
dium into the pulmonary veins of the right 
lung. No obvious resistance was encountered 
during the injection into the left portion of the 
divided common pulmonary venous recess. A 
roentgenogram made during injection of the 
right side showed contrast material in the 
right pulmonary veins only. The roentgeno- 
gram made following injection of the left side 
showed a long narrow venous channel which 
arose from the left extremity of the common 
pulmonary venous recess and extended verti- 
cally. Subsequent rcentgenograms showed that 
there was sequential opacification of the left 
innominate vein, superior vena cava, and right 
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atrium. The anomalous venous channel be- 
tween the common pulmonary venous recess 
and the left vertical vein showed a short seg- 
ment of narrowing in its mid-portion. 

The essential pathologic findings during dis- 
section at necropsv were concentrated in the 
pulmonary veins. All the pulmonary veins con- 
verged superior to the left atrium, forming a 
venous-like recess, a so-called common pulmo- 
nary vem. From the left upper extremity of this 
structure, a vein extended vertically between 
the left pulmonary artery in front and the left 
bronchus behind to join the left lateral extrem- 
ity of the left innominate vein (Fig. 4 and 5). 
'The vertical vein was uniformly narrow and, in 
addition, focal zones of fibrous thickening of the 
intima accentuated the obstruction. Similar 
fibrous lesions were present in the left extremity 
of the pulmonary venous recess. 

Within the heart, a large atrial septal defect 
of the fossa ovalis type was present. Right 
ventricular hypertrophy was also apparent. 


COMMENT 


The roentgenographic appearance of the 
pulmonary fields, not only on conventional 
roentgenograms but also on the late angio- 
cardiograms, is characteristic of pulmonary 
venous obstruction. This pattern is most 
commonly associated with total anomalous 
venous connection below the diaphragm. In 
some such cases the pulmonary fields may 
show additionally a homogeneous increase 
in density, probablv as the result of pul- 
monary edema. Inspection of the late 
angiocardiographic films in such a case may 
reveal the anomalous venous channel. 

This case is reported to emphasize that 
total anomalous venous connection above 
the diaphragm may present with the roent- 
genographic features of pulmonary venous 
obstruction. Ín a recent article on this sub- 
ject by Harris e£ al., 2 cases were described 
which were thought to represent total 
anomalous venous connection of the sub- 
diaphragmatic tvpe. Both patients showed 
roentgenographic evidence of pulmonary 
venous obstruction. At necropsy, however, 
anomalous venous connection above the 
diaphragm was found in each case. 

The case herein reported also bears 
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Fic. 4. Schematic portrayal of the venous anomaly. The main illustration shows all the pulmonary veins 
converging to form a vein-like recess. From the left upper extremity of this structure, there extends a 
narrow vertical vein which joins the left innominate vein. Focal stenotic lesions are present in theanomalous 
vertical vein as well as in the left extremity of the pulmonary venous recess. Insert demonstrates the 
"hemodynamic vise," a phenomenon wherein the vertical vein running between the left pulmonary artery 
(A) anteriorly and the left main bronchus (B) posteriorly subjects the vein to compression by adjacent 
structures. CPV=common pulmonary vein or pulmonary venous recess; L.A.=left atrium; L.V.=left 


ventricle; Ao=aorta. 


similarity to the cases reported by Hastrei- 
ter and associates in each of which obstruc- 
tive lesions were present, the anomalous 
pulmonary vein leading to the left innomi- 
nate vein. The feature of the ascending 
vertical vein running between the pulmo- 
nary artery in front and the left main bron- 
chus behind is similar to that recently em- 
phasized as occurring in certain cases of 
this anomaly by Kauffman and associates.? 
The vertical vein lying in the confined 
space between the left pulmonary artery in 
front and the left main bronchus behind 
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Fic. 5. The hilus of the left lung and adjacent struc- 
tures viewed from in front. The left pulmonary 
veins converge to join the pulmonary venous 
recess (C.P.V.). This has been divided. From the 
left upper extremity of the pulmonary venous 
recess extends the anomalous vertical vein (V-V). 
This, in turn, joins the left innominate vein. 


subjected it to a “hemodynamic vise" as 


indicated by Elliott and Edwards.’ 
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SUMMARY 


A case of total anomalous pulmonary 
venous connection with signs of severe 
pulmonary venous obstruction is reported. 

The obstruction resulted from (1) intrin- 
sic lesions in the pulmonary veins and (2) 
compression of the anomalous channel be- 
tween the left pulmonary artery and left 
main bronchus. 


Lewis S. Carey 
Department of Radiology 
St. Joseph's Hospital 

St. Paul, Minnesota 
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ULMONARY artery coarctation is char- 

acterized grossly by single or multiple 
stenoses of the pulmonary arterv and 
branches and has been described in the 
literature under various designations in- 
cluding supravalvular pulmonary stenosis, 
pulmonary artery stenosis and multiple 
peripheral stenoses of the pulmonary varer 
ies. The purpose of this report is to present 
in detail the roentgenologic features of this 
interesting condition in a group of 16 pa- 
tients. 

Pulmonarv arterv coarctation mav occur 
in any part of the pulmonary arterial tree 
from the main pulmonary arterv distally. 
After a review of previouslv reported cases 
and a studv of the patients in our series, 
the anatomic variations of pulmonary 
coarctation have been classified into 4 
basic tvpes (Fig. 1): 

L A single stenosis of the main, right, 
or left pulmonary artery with the more 
distal branches of the pulmonary arterial 
tree being normal. 

Il. A single stenosis involving the bitur- 
cation of the main pulmonarv arterv ex- 
tending into the origin of the right and left 
branches. 

IH. Multiple peripheral stenoses involv- 
ing many of the segmental pulmonary 
artery branches in one or both lungs with 
no abnormality of the main pulmonary 
artery, or of the proximal, central portion 
of the right or left pulmonary artery. 

IV. Multiple stenotic lesions occurring in 
both the main, left or right pulmonary 


arteries and in the peripheral segmental 
branches in the lung. 

Pulmonary artery coarctation most 
likelv represents a congenital malformation 
of the involved arteries. With อ ท ไจ 4 
autopsied cases reported in the world 
literature,’ 2 of these being studied in our 
institution, histologic observations are very 
limited and the pathogenesis is still uncer- 
tain. The high incidence of pulmonary 
artery coarctation in childhood and the 
frequency of associated cardiovascular ano- 
malies support a congenital malformation 
as the primary etiologic factor. Pulmonary 
coarctation has been an isolated cardio- 
vascular defect in 40 per cent of the pa- 
tients reported in the literature; 60 per 
cent of the patients had other cardiovascu- 
lar anomalies." Pulmonary valvular steno- 
sis was the most common associated defect 
(30 per cent). Atrial septal defect, ventricu- 
lar septal defect, and tetralogv of Fallot 
were found about half as frequently (14 
per cent each). Patent ductus arteriosus 
was less common as an associated defect. 
Practically every type of cardiovascular 
defect has been associated with pulmonary 
artery coarctation at least once; supra- 
valvular aortic stenosis was 0 in 
2 cases"? and was present in 1 of our 
patients (P.J.) with Type IV a ees 
coarctation. 

The principal histologic changes’ include 
a marked fibrous proliteration of the intima 
of the involved pulmonary artery branch, 
distal to which the vessel mav balloon into 


* From the Emory University School of Medicine, Atlanta, Georgia. 


Presented at the Sixty-third Annual Meeting of the A 
t Associate Professor of Radiology. 


merican Roentgen Ray Society, Washington, D.C., October 2-5, 1962. 


$Í Assistant Professor of Medicine and Director of Cardiac Catheterization Laboratory, Emory University. 
2 จ ค ่ 


$ Associate Professor of Radiology. 
| Associate Professor of Radiology, 


599 


0 ๐ ๐ 


SINGLE, CENTRAL STENOSIS 


RIGHT PULMONART 
ARTERY 


RIGHT PULMONARY 
ARTERY 


The constriction 
the pulmonary 


The constrictions are multip 
pulmonary artery branches 
pulmonary arteries are normal. 
occur at the origin of the segme 
noted a prominent post-stenotic 
the constriction. 


involv 


j| 
T 


artery and ther 


B. B. Gay, Jr., R. H. Franch, W: H. Shuford and J. V. Rogers, Jr. 


ini ) only segment 
h 3i n, rigt T. and | TE 
2 constrictions usually 


dilàtation just beyon 





SEPTEMBER, 1963 


TYPE H 


BIFURCATION STENOSIS 


ow segments 


| arteries 


| constrictions are multiple and 
involve the peripheral segmental 
pulmonary arteries in addition to 
having involvement cf the central 
right, and left pulmonary 
arteries 


main, 


Fic. 1. Classification. 


a thin-walled, vein-like artery with a vari- 
able loss of elastic fibers in the media with 
or without proliferation of the intima. Other 
narrowed elastic pulmonary arteries remain 
small and have a thick intima for their 
entire length. The lesions vary from a short, 
localized stenosis to a more elongated one. 
The stenosis most often occurs at the origin 
of the pulmonary artery branch. Some of 
the histologic changes in pulmonary artery 


coarctation are quite similar to those 


found in fibromuscular stenosis of the 
renal arteries. 

Clinical findings in pulmonary artery 
coarctation are variable, depending upon 
the tvpe of lesion and the presence or ab- 
sence of an associated cardiovascular de- 
tect. When no other anomaly is present, a 
holosystolic murmur, or much less often a 
continuous or quasi continuous murmur, 1s 
heard best in the second left and/or right 
intercostal space with variable transmis- 
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sion over the chest. When pulmonary 
hypertension is present, the pulmonary 
component of the second heart sound is 
accentuated and persistent splitting of the 
second heart sound mav be present. The 
murmur of pulmonary insufficiency is rarely 
found. À continuous murmur has been re- 
ported in about 10 per cent of the cases in 
the literature. Only 1 of our 15 patients had 
à continuous murmur. 

In the patient with isolated pulmonary 
coarctation, cyanosis may be present if 
there is right ventricular hy pertension with 
a right to left shunt through a patent 
foramen ovale. 

Hemoptvsis has occurred in association 
with large poststenotic aneurysms in the 


pulmonary arteries. This was the cause of 


death in one of our patients (M.A.). Van 
Epps has reported a similar case." 

The electrocardiogram will varv, depend- 
ing upon the associated lesions. In those 
patients having no other associated anom- 
alies, right ventricular hypertrophy may be 
seen when the main pulmonary artery 
pressure is raised. 

Cardiac catheterization is essential in the 
evaluation of pulmonary artery coarcta- 
tion. A continuous pressure tracing should 
be recorded on slow Sutharawal of the 
catheter tip from the pulmonary artery 
wedge position to the proximal main pul- 
monary artery. As the catheter tip crosses 
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tiple stenoses are present, there will be a 
step-like rise in systolic pressure as each 
stenosis is crossed. In the main pulmonary 
artery an elevated systolic pressure in 
association with a low diastolic pressure 
(a wide pulse pressure) should lead one to 
suspect significant pulmonary artery coarc- 
tation of the distal main pulmonary artery 
or its branches bilaterally. 


ROENTGENOGRAPHIC FEATURES 


The primary purpose of this presenta- 
tion is to review the roentgenologic features 
of the various types of pulmonary artery 
coarctation in 1 4 cases seen in the Radiol- 
ogy Departments associated with the 
Emory University School of Medicine. 
From the medical literature through Janu- 
ary 1, 1962, 111 cases were reviewed. The 
roentgenologic data in go of these cases 
were sufficiently described toallowa detailed 
evaluation. A summary of the incidence of 
various types of pulmonary artery coarcta- 
tion in both groups studied is presented in 
Table 1. 

Routine roentgenograms of the chest may 
on occasion suggest the diagnosis of pul- 
monary artery coarctation. Only 2 of our 
15 cases showed changes on the plain chest 
roentgenograms which were suggestive of 
the diagnosis of Type III or IV pulmonary 
coarctation (patients M.A. and D.M.) (Fig. 
2, Jand B; and 4, 4, B and C). Dr. Eugene 





an area of stenosis, there will be a prompt  Klatte submitted to us the roentgeno- 
rise in the systolic pressure. When mul- grams of a case of Type III pulmonary 
TansrkI 
INCIDENCE OF VARIOUS TYPES OF PULMONARY ARTERY COARCTATION 
From Literature Authors’ Cases 
Type ases ez | ee TT PESCE OU MEMO ‘Ot: 
y No Other Had Other No Other Had Other Lotal 
Anomaly Anomalies Anomalies Anomalies 
I-A 3 à : : 
I-B 6 20 ๐ 2 28 
I-C o 2 o ๐ 2 
I] 6 12 2 $ ae 
IH 1 ๐ 6 O ๐ 16 
IV 11 11 2 2 26 
Total 36 54 4 L1 » 106 
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Fic. 2. Case M.A., male, § years of age. (4) Frontal reentgenogram of chest. (5) Lateral 
roentgenogram of chest. 


coarctation seen at 
Indiana; the diagnosis was made from the 
frontal roentgenogram of the chest (Fig. 
94) and confirmed when the patient was 
recalled for selective pulmonary angiog- 
raphy. Dr. Benjamin Felson was shown 
the roentgenograms of a patient with the 
clinical diagnosis of pulmonary stenosis 
during grandjmedical rounds at the Cincin- 
nati General Hospital. Because of the 
nodular vascular pattern in the right 
lung, he made the diagnosis of multiple 
pulmonary artery coarctations and subse- 
quently proved the diagnosis by angio- 
cardiography; he has also seen 2 other cases 
which could be suspected from the routine 
chest roentgenogram.^ 

The cardiac configuration in patients 
with pulmonary artery coarctation is non- 
specific; associated anomalies will deter- 
mine what configuration the heart assumes. 
Onlv 3 of our 15 cases showed anv enlarge- 
ment of the heart. In the patients having 
no associated cardiovascular defect in our 
series, there was no increase in heart size; 
the same has been noted in the cases 
collected from the literature. 

The prominence of the main pulmonary 


the University of 


arterv segment along the left heart border 
was variable. One patient with Type IV 
pulmonary artery coarctation showed an 
enlarged main pulmonary segment; slight 
prominence of the main pulmonary artery 
segment was present in 2 other cases 
having a ventricular septal defect and 
patent ductus arteriosus. In any of the 
types of pulmonary artery coarctation in- 
volving the main pulmonary artery (Types 
I-A, II, IV), there will be a concave 
pulmonary artery segment. When the 
main pulmonary artery is not stenotic, the 
pulmonary artery segment along the left 
heart border may be dilated (Types I-B, 
LC IH 

The appearance of the hilar shadows on 
the routine chest roentgenogram 1s also 
variable, depending upon the type of 
pulmonarv artery coarctation present and 
the nature of the associated anomaly if 
present. When the origin of the right or 
left pulmonary artery is stenotic, there may 
be sufficient poststenotic dilatation of the 
hilar branches to produce a prominent hilar 
shadow. When there is an elongated steno- 
sis of the right or left pulmonary arteries 
(Types II, IV), the hilar shadows may be 
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small. 
artery 


The right descending pulmonary 
branch will be small in size. A small 


irregular right hilus was present in 3 of 


the cases, all having Tv pe IV pulmonary 
artery coarctation. Four cases, all with 
Type IV pulmonary coarctation, showed 
anirregular poorly defined lefth m shadow. 

The peripheral arterial shadows in Types 
TH and IV pulmonary artery coarctation 
may be sufficiently characteristic to allow 
a presumptive diagnosis. On routine roent- 
genograms in 2 cases, the stenosis in the 
peripheral pulmonary arteries could be 
identifed on the frontal roentgenogram. 
With careful evaluation of the arterial 
trunks in the lung, one may identify a 
narrowing of the vessel followed by a post- 
stenotic enl: argement of the shadow. In one 
case (D. M.), a 38 year old woman, multiple 
small nodular shadows due to poststenotic 


dilatation were noted along the course of 


the vascular shadows in the lungs (Fig. 
4.4); because a continuous murmur was 
heard at times, the diagnosis of pulmonarv 
arteriovenous fistulae was made. Later 
evaluation bv selective angiocardiographv 
revealed the multiple stenoses in the seg- 
mental pulmonary artery branches (Fig. 
45). The other patient was a ¢ year old 
bov (M.A.) who showed a small left hilar 
shadow, a larger right hilus, and a dilated 


arterial trunk in the superior division of 


the right lower lobe n to a postste- 
idis D EO (Fig. 2 A Mus B). This 


at ecc d image Bast 
tion. The presumptive diagnosis of pulmo- 
nary artery coarctation was made and con- 
firmed by selective cineangiocardiography 
(Fig. 3, A-D). 

Luan e£ al.’ have described the presence 
of a generalized decrease in the prominence 
of the vascular shadows in the right lung 
in cases of right pulmonarv artery coarcta- 
tion (Type I- -B). Only 3 of our cases showed 
asymmetric vascularity between right and 
left lungs. Two cases had Type IV pul. 
monary coarctation, and the less prominent 
vascular shadows were seen in the left lung. 
The third case had a Tvpe I-A pulmonary 
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coarctation associated with tetralogy of 
Fallot. 

Gyllensward e a£." stated that the pul- 

monary vascularitv was decreased in most 
cases. In our patients a decrease in vascular 
shadows bilaterally occurred only in 3 
cases who also had tetralogy of F allot in 
association with Types I-A or H pulmonary 
coarctation. One helpful sign of peripheral 
pulmonary artery coarctation described by 
Gyllenswárd et al.” consisted of a small, 
irregular and narrow hilar shadow associ- 
ated with prominent basilar vascular shad- 
ows. This pattern is due to a stenosis of the 
right or left descending pulmonary artery 
with bulbous, poststenotically dilated seg- 
mental arterial branches. A small hilar 
shadow associated with much larger pe- 
ripheral vascular trunks should alert one to 
consider the diagnosis of Types HI or IV 
pulmonary artery coarctation. 

True aneurysms may form distal to a 
stenosis in a pulmonary artery branch. One 
of our patients (M.A.) had a large aneu- 
rvsm confimed at autopsy’ within the 
superior division of the right lower lobe. 
Van Epps" reported a patient who had an 
aneurysm in the right upper lobe which had 
to be resected because of hemorrhage. 
Roentgenologically, these aneurysms ap- 
peared as rounded or fusiform densities of 
varving size continuous with an arterial 
branch in the lung. 

Pulsations of the pulmonary artery 
branches were evaluated by roentgenoscopy 
with image amplification or cineroentgenog- 
raphy in 10 of the 15 cases in the authors’ 
series. Three of these patients (J. W., L.K., 
D.C.) had tetralogv of Fallot associated 
with Types I-A or IT pulmonary coarctation 
and had no visible pulsations in the central 
hilar or peripheral pulmonary arteries as 
would be expected with diminished pul- 
monary blood flow. The pulsations of 
pulmonary valvular stenosis? (absent or 
diminished pulsations in right descending 
pulmonary artery associated with marked 
increase 1 ท pulsations of left descending 
pulmonary arterv) were simulated in 2 
cases; I of these patients (P.J.) had Type 
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Fic. 3. Case M.A. (4) Frontal selective cineangiocardiogram showing Type IV pulmonary coarctation, 
(B) Diagram of 4. (C) Lateral selective cineangiocardiogram showing large aneurysm in superior division 
of right lower lobe and multiple pulmonary coarctations. (D) Diagram of C. 


[IV pulmonary coarctation and the other 
(J.L.) had tetralogy of Fallot with Type II 
pulmonary coarctation. Two patients (M.C. 
and C.H.) with Type II pulmonary coarc- 
tation and no other detects showed normal 
pulsations of the pulmonary arteries. One 
patient (M.A.) with Type IV pulmonary 
coarctation showed a decrease in pulsations 
of the left pulmonary artery branches in 
association with a marked increase in the 
pulsations of the arteries to the right lung. 
This patient had the aneurysm in the su- 
perior division artery of the right lower lobe 
which pulsated excessively. This finding 
was recorded by cineroentgenography. One 
patient (T.McD.) with a large left to right 
shunt with ventricular septal defect and 
pulmonary coarctation localized to the 


right pulmonary artery showed marked in- 
crease in central and peripheral pulsations 
of the arterial trunks of the left lung. One 
other patient (T.O.) with Type IV pulmo- 
nary coarctation and an atrial septal defect 
showed markedly increased pulsations in 
the right pulmonary arterial tree and less 


prominent pulsations in the arterial 

branches of the left lung. 
ANGIOCARDIOGRAPHY 

The diagnosis of pulmonary artery 


coarctation is established best by selective 
angiocardiography with injection of the 
opaque medium into the right ventricle 
or proximal main pulmonary artery. This 
method of examination is much superior to 
venous angiocardiography where the right 





Fic. 4. Case D.M., female, 38 years of age. (4) Frontal roentgenogram of chest. (5) Frontal selective angio- 
cardiogram showing multiple pulmonary coarctations centrally and peripherally. (C) Lateral view, selec- 
tive angiocardiogram. 
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atrium and appendage may obscure the 
right pulmonary artery.’ Both frontal 
and lateral projections are desirable and in 
some cases a left anterior oblique or right 
posterior oblique projection is needed to 
determine the degree of stenosis of the 
origins of the right and left pulmonarv 
arteries; some cases of Types I-A, I. B, L.C, 
and II can be differentiated only bv chiese 
additional views. 

Fourteen of our 15 cases had angio- 
cardiographic study (Table 11). The other 
case was proved at autopsy, an angio- 
cardiographic study never having been per- 
tormed. The angiocardiographic studies 
were recorded by cineroentgenography at 
24 frames per second in io patients. The 
other 4 examinations were recorded on 
multiple film changers varving from 2 to 6 
films per second. 

In Type l-A pulmonary artery coarctation, 
two varieties have been reported. In one 


group there is a supravalvular stenosis of 


the main p artery usuallv in the 
middle third. The stenosis may vary from a 
very localized one measuring a few milli- 
meters to a more elongated segment in- 
volving the greater portion of the main 
pulmonary artery. The orifices of the right 
and left pulmonary arteries are not nar- 
rowed and these branches mav or may not 
show poststenotic dilatation. The entire 
main pulmonary artery may be markedly 
shortened. The second variety of supra- 
valvular coarctation consists of a stenotic 
membrane just distal to the pulmonary 
valve. There is no poststenotic dilatation.' 
This variety of pulmonary coarctation has 
not been reported as an olara lesion; 
2 of the reported cases?" had also an 
associated stenosis of the oe pulmonary 
artery. A third case of Arvidsson ef a/.' also 
had multiple peripheral stenosis. Angio- 
cardiograms on one patient (D. M.) with 
Type IV pulmonary coarctation suggested 
the presence of an associated supravalvular 
membranous stenosis (Fig. 4, Æ, B and C). 
Two patients in this series were classified 
as Type I-A pulmonary coarctation, both 
having also variants of tetralogy of Fallot. 
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yad a localized stenosis 
(J. W.), a more elongated 


One 0 (J.L.) | 
(Fig. p the other 
tvpe. 

In Type I-B pulmonary artery coarcta- 
tion, only the right pulmonary artery is 
SEa. The constriction may involve the 
origin of the artery or may be more distally 
placed proximal to the origin of the ascend- 
ing and descending branches. These latter 
terminal branches may show poststenotic 
dilatation. Two patients in our series have 
been classified in this group. One patient 
(T. McD.) had the lesion demonstrated bv 
pressure gradients at cardiac catheteriza- 
tion and roentgenologically by a selective 
cineangiocardiogram (Fig. 6, Zand 5). The 
other patient ( A.B.) never had angiocardi- 
ography performed; the diagnosis was not 
established until autopsy at 17 years of 
age.!! This patient died of acute right heart 
failure rather suddenly and was found at 
autopsy to have an elongated stenosis of the 


right pulmonary artery, a large reversed 
patent ductus arteriosus, and a small 


ventricular septal defect. The peripheral 
arterial branches of the lungs were most 
interesting. Those of the left lung showed 
all the advanced sclerotic changes of severe 
pulmonary artery hypertension, whereas 
those of the right lung beyond the stenotic 
right pulmonary artery were histologically 
normal. Apparently the right pulmonary 
artery coarctation protected the right pul- 
monary vascular bed.” 

Luan ef al have reported to patients 
with right pulmonary artery coarctation. 
They mentioned that some cases may show 
comparatively less opacification of the 
arteries to the right lung than to the left. 
We made an erroneous diagnosis of Type 
I-B pulmonary artery coarctation in a 
cyanotic § vear old girl whose venous 
angiocardiograms (Fig. 7, 4 and B) demon- 
strated a large reversed patent ductus 
arteriosus and no visualization of the right 
pulmonary artery branches when the left 
pulmonary artery filled. At operation the 
right pulmonary artery arose from the 
ascending aorta and the left branch"from 
the main pulmonary artery. The surgeons 
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Fic. 5. Case J.L., male, 3 years of age. Frontal venous angiocardiogram showing Type I-A pulmonary 
coarctation (arrows). Associated anomalies: ventricular septal defect with right to left shunt and corrected 
transposition of great vessels. A=aorta; RPA=right pulmonary artery; LPA=left pulmonary artery; 


PV = pulmonary vein; Coarc = coarctation. 


anastomosed the right pulmonary artery by 
à prosthesis to the main pulmonarv arterv 
and closed the patent ductus arteriosus. 
The patient survived the procedure and 
after 2 years is doing amazingly well. 
Repeat studies have shown that the anasto- 
mosis between the right and main pul- 
monary arteries functions normally and 


the patient is no longer cyanotic. She has 
persistent pulmonary hypertension which 
is of less degree than preoperatively. In 
retrospect, the preoperative venous anglo- 
cardiogram did show faint filling of the 
pulmonary arteries in the right lung simul- 
taneously with the visualization of the 
ascending aorta, a finding which was not 





Fic. 6. Case T.McD., female, 2 years of age. Type I-B pulmonary coarctation. Also had an associated 
ventricular septal defect. (4) Frontal pulmonary eineangiogram. (B) Diagram of A. 
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lic. 5. Case J.L., male, 3 years of age. Frontal venous angiocardiogram showing Type I-A pulmonary 
coarctation (arrows). Associated anomalies: ventricular septal defect with right to left shunt and corrected 
transposition of great vessels. A=aorta; RPA- right pulmonary artery; LPA=left pulmonary artery; 


PV = pulmonary vein; Coarc = coarctation. 


anastomosed the right pulmonary artery by 
a prosthesis to the main pulmonary artery 
and closed the patent ductus arteriosus. 
The patient survived the procedure and 
after 2 vears is doing amazingly well. 
Repeat studies have shown that the anasto- 
mosis between the right and main pul- 
monary arteries functions normally and 


the patient is no longer cyanotic. She has 
persistent pulmonary hypertension which 
is of less degree than preoperatively. In 
retrospect, the preoperative venous anglo- 
cardiogram did show faint filling of the 
pulmonary arteries in the right lung simul- 
taneously with the visualization of the 
ascendmg aorta, a finding which was not 





Fic. 6. Case T.McD., female, 2 years of age. Type I-B pulmonary coarctation. Also had an associated 
ventricular septal defect. (4) Frontal pulmonary cineangiogram. (B) Diagram of 2. 
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Fic. 7. A case of hemitruncus arteriosus initially mistaken for Type I-B pulmonary coarctation. (4) 
Frontal venous angiocardiogram. (B) Lateral view. Ao=aorta; LPA —left pulmonary artery. 


appreciated on the initial interpretation. 

Type I-C pulmonary artery coarctation 
(stenosis of only the left pulmonary artery) 
is rare. We could find only 2 case reports 
of this type. One case noted by Kjellberg 
et al also had tetralogy of Fallot. The 
other case of Hall ez 47? also had pulmo- 
nary valvular stenosis. An angiocardio- 
gram demonstrated a localized stenosis of 
the left pulmonary artery which was seen 
at operation. We have seen one child 
whose angiocardiogram in the lateral pro- 
jection showed an apparent localized 
constriction of the left pulmonary artery 
(Fig. 8) in association with tetralogy of 
Fallot. At operation this constriction was 
related to the pericardium being firmly 
attached to the left pulmonary artery and 
when this pericardial reflection was incised 
the left pulmonary artery expanded and 
showed normal pulsations. On many lateral 
angiocardiograms a notch on the superior 
margin of the main or left pulmonary artery 
may be produced by a normal reflection of 
the pericardium.” 

Under the classification of Type 7 7 pulmo- 
nary artery coarctation, the authors have 
included those cases showing a stenosis of 
any portion of the main pulmonarv arterv, 
including the membraneous type, accom- 
panied by a stenosis of the right or left or 
both pulmonary arteries. The stenosis most 





often will involve the distal main pulmo- 
narv artery and the origins of the right and 


Fic. 8. Lateral dextroangiocardiogram showing con- 
striction of the left pulmonary artery produced by 
pericardial reflection. Type I-C pulmonary coarcta- 
tion is simulated. LPA —left pulmonary artery; 
RPA- right pulmonary artery. 
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Fic. 9. Type III pulmonary coarctation. A case seen at the University of Indiana School of Medicine by Dr. 
Eugene Klatte. Patient also had supravalvular aortic stenosis. (4) Frontal roentgenogram of chest. (B) 
Frontal pulmonary angiogram. 


left pulmonary arteries. Marked post- 
stenotic dilatation of the right and left 
pulmonary arteries is common (Fig. 11, 
A and B). Seven of 15 patients in this 
series have been classified in this group 
(Table 11). Two of the patients had no 
other lesions and at cardiac catheterization 
had a significant systolic pressure gradient 
across the stenotic area at the bifurcation 
of the main pulmonary artery. The other 5 
patients had associated tetralogy of Fallot. 
The association of Type II pulmonary 
artery coarctation with tetralogy of Fallot 
is apparently much more common than we 
had previously realized; in fact, this associ- 
ation in our more recent cases seems to be 
the rule rather than the exception. The 
reason for this difference of opinion prob- 
ablv is related to wider use of selective 
angiocardiographic studies in more recent 
years. On older venous angiocardiograms 
the detail of the outflow tract of the right 
ventricle and the pulmonary artery and 
branches was obscured by the overlapping 
right atrium and its appendage. On a 
review of many old studies detail was not 
adequate tordelineate the bifurcation of the 
main pulmonary artery. 

The present series contained no patients 


which could be classified as Type 777 pul- 
monary artery coarctation. One such case 
was recently seen at the University of 
Indiana and Dr. Eugene Klatte was kind 
enough to submit his roentgenologic studies 
to us (Fig. 9, 4 and 5). In Type III pul- 
monary coarctation the main, right, and 
left pulmonary arteries are normal in size 
and configuration or may be dilated if the 
pressure in these arteries is raised. The 
stenotic lesions begin with the origin of 
the segmental pulmonary artery branches. 
These stenoses vary considerably in num- 
ber and distribution. More often the sten- 
oses are localized though more elongated 
narrowings may be found. There are seen 
commonly areas of poststenotic dilatation 
giving the arterial branch a beaded appear- 
ance. Gyllensward ef a/.° have described 
angiocardiograms showing peripheral pul- 
monary arterial branches ending in a blind 
pouch-like structure. 

There were 4 patients that were grouped 
under the classification Type IV pulmonary 
artery coarctation. This type consists of a 
combination of Types ไ or II with Type 
III. Multiple stenoses were present in the 
main, left, or right pulmonary arteries as 
well as in the peripheral segmental arteries. 
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Fic. 10. Case P.J., female, 5 years of age. Type IV pulmonary coarctation. (4) Frontal selective cineangio- 
cardiogram showing multiple central and peripheral coarctations. (B) Diagram of 4. (C) Lateral levo- 
angiocardiogram, same patient, showing supravalvular aortic stenosis. (D) Diagram of C. 


Two of these patients had no other defects 
(M.A. and D.M.) (Fig. 3, 4 and B; and 
4, 4, B and C). The third patient (P.J.) 
had associated supravalvular aortic steno- 
sis (Fig. 10, 4-D). Two other patients with 
this combination have been reported.^? 
The fourth patient (T.O.) had associated 
pulmonary valvular stenosis and an atrial 
septal defect. 


DISCUSSION 


Prior to 1954, only 3 cases of pulmonary 
artery coarctation were described and only 
one autopsy examination was reported.’ 
The use of selective angiocardiographv has 
increased the number of reported cases to 


well over 125. The entity 1s now being 
sought both clinically and at = cardiac 
catheterization; pulmonary coarctation can 
now be added to the long list of causes of 
pulmonary artery and right ventricular 
hypertension. 

The cause of the stenoses of the pulmo- 
nary artery branches is not known. The 
Skodiac theory presumes that there is resid- 
ual embryonic endothelial tissue in the 
pulmonary artery derived from the internal 
cushions of the fetal patent ductus arterio- 
sus. Involution of this tissue is said to cause 
narrowing of a variable segment of the pul- 
monary artery or its main branches. This 
theory does not explain the peripheral con- 
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Fic. 11. Case A.K., male, 27 years of age. Type II pulmonary coarctation. Also had tetralogy of Fallot and a 
mycetoma of right upper lobe. (4) Selective angiocardiogram of right heart in frontal projection. (B) 
Lateral selective dextroangiocardiogram. 


strictions of Type III and IV. The latter 
anomalv mav be related to a developmental 
error or hypoplasia in the pulmonary plexus 
vasculature. In our autopsied cases the 
segmentally narrowed pulmonary artery 
branches showed abundant fibrous intimal 
proliteration. Distal to the segmental 
stenosis some of the vessels ballooned into 
thin-walled, wide lumened, vein-like pul- 
monary arteries with variable loss of elastic 
fibers in the media with or without pro- 
literation of the intima. Other narrowed 
elastic pulmonary arteries remained small 
and had a thick intima for their entire 
length. Turbulence of blood with resulting 
fibrin deposition may explain the prolifera- 
tion in these elongated, stenotic pulmonary 
artery segments. The dilated thin-walled 
arteries may be the product of inherently 
poor elastic tissue and "structural fatigue" 
related to vibratorv stresses in the pulmo- 
nary artery wall.’ 


The clinical course and prognosis of 


pulmonary artery coarctation is variable. 
In some cases the disease remains stable 
(as in case D.M. of present series). Fre- 
quently, the prognosis may be that of an 
associated cardiac defect; the branch pul- 


monary artery stenosis, especially if mild or 
unilateral, may be a less important finding. 
If there are bilateral central and/or pe- 
ripheral pulmonarv arterv coarctations, the 
patient is subject to the cardiac conse- 
quences of main pulmonary artery and 
right ventricular hypertension. Progressive 
intimal proliferation with thrombosis fur- 
ther increases the resistance to pulmonary 
blood flow. Poststenotic dilatation of the 
elastic arteries into thin-walled aneurysms 
can cause fatal pulmonary hemorrhage 
especially if arteritis or necrotizing lung 
infection is present (as in case M.A.). The 
narrowing of a pulmonary artery may give 
rise to an intimal jet lesion that can serve 
as a focus for bacterial endarteritis. 
Surgical correction is possible in Types | 
and II pulmonary coarctation.‘ The mul- 
tiple peripheral stenoses of Types III and 
[V are not operable at the present time. If 
à severe pulmonary artery coarctation 
complicates another defect (septal detects, 
tetralogy of Fallot, pulmonary valvular 
stenosis), the possibility of a good surgical 
correction of the associated defect may be 
remote. Blount? has stressed the value of 
determining bv angiography the structure 
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of the main pulmonary artery and its 
major branches prior to the total correc- 
tion of tetralogv of Fallot. Patients having 
severe forms of Tvpes I and II pulmonary 
artery coarctation in association with 
tetralogy of Fallot may prove to be in- 
operable. 


SUMMARY 


Pulmonary artery coarctation is char- 
acterized by single or multiple stenotic 
lesions of the pulmonary arterial branches. 
The stenoses may be short or long, pe- 
ripheral or central, unilateral or bilateral. 
Pulmonary coarctation may be hemo- 
dynamically benign or associated with 
severe right ventricular and pulmonary 
artery systolic hypertension. Pulmonary 
coarctation is probably congenital in origin 
and is found as an isolated lesion in 40 per 
cent of reported cases. In the remaining 60 
per cent, the most frequently associated 
anomaly is pulmonary valvular stenosis. 
Selective angiocardiography is essential in 
the diagnosis of this condition, which is 
much more frequent than formerly recog- 
nized. Roentgenologic features of pulmo- 
nary artery coarctations are presented in 
detail in a series of 15 patients. An ana- 
tomic classification into 4 basic types is 
proposed. 


Brit B. Gay, ]r., M.D. 
pue of cae 


P.O. Box 459 
Atlanta 22, Georgia 
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ADDENDUM 


Since completion of the above report 
Agustsson ef al. have reported a detailed 
discussion of pressure curves seen at right 
heart catheterization in Types I and IT pul- 
monary coarctation In I2 cases. (AGusTs- 
son, M. H., R. A. ARCILLA, B. M. GASUL. 
J. P. Bicorr, S. I. Nassir, and B. L, 


Lenprum. Diagnosis of bilateral stenosis of 
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primary pulmonary artery branches based 
on characteristic pulmonary trunk pressure 
curves; a hemodynamic and angiocardio- 
graphic study. Circulation, 1962, 26, 421— 
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ANGIOGRAPHY OF THE SYSTEMIC 
PULMONARY CIRCULATION* 


By JOHN RILEY WILLIAMS, M.D., W. CURTIS WILCOX, M.D., and ROBERT R. BURNS, M.D. 


DA L LAS, 


HE dual circulation of the lung, pul- 

monary and bronchial has been studied 
morphologically by anatomic techniques 
for many years. In recent times the pulmo- 
nary arterial and venous components of 
this circulation have been explored by both 
physiologic and roentgenographic examina- 
tion. On the other hand, the true functions 
of the systemic circulation of the lung in the 
living patient have been relatively neg- 
lected. In order to evaluate the role of the 
systemic circulation in health and disease, 
we have initiated an experimental endeavor 
to visualize the bronchial arteries and the 
other components of this second circulatory 
system. 


ANATOMY 


The origin of the normal arterial systemic 
circulation of the lung may show innumer- 
able variations. The bronchial arteries may 
arise from the anterior aspect of the de- 
scending thoracic aorta at any of the levels 
of the upper intercostal arteries or they 
may be derived as branches of these inter- 
costal arteries. Each lung may be supplied 
by one or more bronchial arteries. At times 
they may originate as a common trunk 
from the aorta. Smaller arterial twigs sup- 
plying the bronchi may be derived from the 
internal mammary , phrenic, pericardial, or 
subclavian arteries. 

Cauldwell and his group? recorded the 
origin of bronchial arteries in a study of 150 
cadavers. Two right bronchial arteries were 
derived from the descending aorta just 
below the right first intercostal artery and 
the single left bronchial artery originated 
from the first intercostal artery in 40.6 per 
cent of the postmortem studies. 


TEXAS 





Fic. 1. Bronchial arteriogram of an experimental 
ammal shows the right bronchial artery to be 


derived from the third intercostal artery from 
which it courses superiorly and anteriorly to the 
carina. At this location the bronchial artery 
brinches into many serpentine arteries. The two 
let bronchial arteries originate from a common 
trunk at the anterior aspect of the descending 
aerta, at the level of the second aortic intercostal 
arteries. 


in the present study, bronchial arteriog- 
raphy on the experimental animal has re- 
vealed the wide variation in the origin and 
distribution of the bronchial arteries. Many 
of these variabilities are shown in Figures 1 
and 2. Figure 1, a bronchial arteriogram of 
ar experimental animal, shows the right 
bronchial artery to be derived from the 
third intercostal arterv. From its origin the 
right bronchial artery courses superiorly 
amd anteriorly, then inferiorly to the carina 
where multiple smaller branches are de- 
rrved. The two left bronchial arteries origi- 
nate from a common trunk which is derived 


* From the Department of Radiology and Internal Medicine, Cardiooulmonary Division, University of Texas Southwestern Medical 


School and Parkland Memorial Hospital, Dallas, Texas. 
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from the anterior aspect of the descending 
aorta at the level of the second intercostal 
arteries. This animal's bronchial arterial 
system is considerably larger than that of 
the other animals studied. Figure 2, the 
bronchial arteriogram of another experi- 
mental animal shows the right bronchial 
artery to be derived from the third inter- 
costal arterv, coursing in a similar fashion 
as in Figure 1. The left bronchial artery 1s 
derived at the level of the third intercostal 
space, projects anteriorly, and divides into 
three major branches at the carina. 

For subsequent comparison of the normal 
systemic circulation of the lung with that 
occurring in pathologic conditions, it should 
be noted that in theabove description when 
the bronchial arterv originates from the 
intercostal arterv, it 1s from its medial 
aspect. As will be seen in several illustrative 
cases, the more lateral portion of the inter- 
costal artery may be an important site from 
which a collateral systemic circulation may 
originate. 


METHOD 


The technique used by the authors was 
Seldinger's?? percutaneous retrograde fem- 
oral arterial catheterization. With fluoro- 
scopic control the catheter tip was placed 
within the thoracic aorta just distal to the 
origin of the left subclavian artery. In cases 
of anomalous left primary pulmonary ar- 
terial vascularization, the opacification of 
the left subclavian artery is important since 
a bronchial artery may originate there. 

By placement of the catheter at these 
positions, there is maximum opacification 
of the pulmonary systemic circulation, 
without significant flow of the medium to 
the brachiocephalic vessels. 

Filming is initiated at the start of injec- 
tion of £o ml. of high contrast medium. The 
exposures are made with use of equipment 
at hand at 0.5 second intervals for a period 
of 4 seconds. This length of time appears to 
encompass adequately the entire phase of 
the pulmonary systemic circulation. This 
technique has been found to show consist- 
ent opacification of the systemic pulmonary 
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Fic. 2. Bronchial arteriogram of an experimental 
animal shows the right bronchial artery to be 
derived from the third intercostal artery having a 
similar course as that seen in Figure 1. The left 
bronchial artery is derived from the aorta at the 
level of the third intercostal artery and projects 
anteriorly to the carina at which point it branches. 


circulation both in the experimental animal 
and in patients. 


CARDIAC AND PULMONARY 
VASCULAR ANOMALIES 


The bronchial arterial system may con- 
tribute all or a portion of the lung circula- 
tion in certain congenital cardiac abnormal- 
ities where pulmonary oligemia is present. 
Such abnormalities as tetralogv of Fallot 
with or without pulmonary atresia, truncus 
and pseudotruncus arteriosus, Eisenmen- 
gers complex and pulmonary stenosis, 
infundibular, valvular or supravalvular, 
mav show a significant collateral circulation 
to the lungs. The degree of pulmonary 
stenosis, septal defects, and whether the 
ductus arteriosus is patent or not may be 
factors determining the extent of hyper- 
trophy of the systemic arterial circulation 
in these congenital anomalies. The collat- 
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(4 and B) Inspiratory and expiratory posteroanterior chest roentgenograms show radiolucency within 


Pics. 3. 
the left lower lung field. Prominent hilar vascular markings are seen on the right. Both upper lung fields 
show reticulation. The expiratory study shows relative normal position of the diaphragms and medi- 


astinum. 


eral circulation may develop to such an 
extent that posterior indentation of the 
esophagus will result.*.!? 

Aplasia or hvpoplasia of the main pul- 
monary arterial branches may affect the 
systemic pulmonary circulation depending 
upon the basic anomaly. Agenesis of one of 
the major branches of the pulmonary artery 
is found most commonly on the left?! and 
may be associated with hypoplasia or in- 
frequently absence of the lung.!° In such 
cases the lung, if present, may be supplied 
by a patent ductus arteriosus with the flow 
into a normal intrapulmonary vasculature 
while the true pulmonary artery is lacking. 

Aplasia or hypoplasia of a lobar pulmo- 
nary artery may cause a variable change in 
the systemic pulmonary circulation. Bel- 
cher and Pattinson! described 3 cases of 
lobar arterial hypoplasia. The response of 
the bronchial arterial system was interest- 
ingly dependent upon the presence of 
bronchiectasis rather than the diminished 
primary pulmonary vasculature. In 1 case 
presented, considerable bronchiectasis was 


noted with a concomitant increase in bron- 
chial circulation. The 2 other cases showed 
no such bronchiectasis and the bronchial 
arterial system was thought to be normal. 
It becomes apparent that inflammatory 
changes as well as oligemia play a consider- 
able part in evoking enlargement of the 
pulmonary systemic circulation. 

Figure 3, 4-G shows a case in which both 
hypoplasia and atresia of lobar pulmonary 
arteries resulted in marked increase in the 
systemic circulation. This 14 year old white 
male presented with complaints of long 
standing exertional dyspnea and infrequent 
hemoptysis. Inspiratory and expiratory 
studies (Fig. 3, 4 and B) demonstrate a 
relative lucency within the left lower lung 
feld. Prominent linear reticulated lung 
markings are noted within the left upper 
lung field. Large pulmonary arterial vessels 
are seen within the right mid and lower lung 
helds. Theleft hemithorax is slightly dimin- 
ished in size. The expiratory study fails to 
reveal mediastinal shift and the diaphragms 
are relatively normal in position. 
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Ihe pulmonary angiogram (Fig. 3C) 
discloses dilatation of the main and right 
pulmonary artery. Dilated intrapulmonary 
vessels are noted supplying the right lower 
and middle lobes. On the oblique angio- 
gram (Fig. 3D) hypoplasia of the pulmo- 
nary arteries supplying the left and right 
upper lobes is noted. No pulmonary arterial 
opacification is seen within the left lower 
lobe. 

The angiographic study of the svstemic 
pulmonary circulation by retrograde aortic 
procedure (Fig. 3E) shows opacification of 
a large tortuous artery originating from the 
left subclavian artery and traversing in- 
feriorly to the hilus. This represents a 
markedly enlarged bronchial artery. Early 
opacification of two serpentine right bron- 
chial arteries is noted originating from the 
aorta and traversing to the right to supply 
the right upper lung field. The angiogram 
made o.5 seconds later (Fig. 37) reveals 
better opacification of the two right bron- 
chial arteries at this time. Fine reticulated 
opacified terminal bronchial arteries are 
seen within the right upper lung field and 
similar but lesser changes are noted within 
the left upper lung field. Note the large 
tortuous phrenic artery apparently supply- 
ing smaller branches to the left lower lobe. 
There is very early opacification of the 
descending branch of the left pulmonary 
artery. In Figure 3G, made 1 second after 
the initial angiogram, the descending 
branch of the left pulmonary artery shows 
good opacification. The distribution of this 
intrapulmonary artery appears normal, but 
the caliber is diminished and there is no 
peripheral filling of this artery, a result of 
diminished blood flow. Note on all of these 
studies that the intercostal arteries show 
no significant dilatation, apparently play- 
ing little part in the systemic circulation of 
these lungs. 

A bronchogram (Fig. 377) fails to show 
bronchiectasis. With use of oily dionosil, 
evaluation of possible alveolarization was 
done by this post-tussive study. Of interest 
is the alveolarization noted in the area of 
the left upper lung field, whereas none is 
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(C) The Robb-Steinberg pulmonary antero- 
posterior angiogram shows prominence of the 


HIG; 3. 


main and right pulmonary artery. Enlarged 
intrapulmonary vessels are seen supplying the 
right middle and lower lobes. On this projection no 
vascular opacification is seen within the right up- 
per lobe or left lung. (D) An oblique pulmonary 
angiogram shows a small tapering opacified left 
pulmonary artery. Within the right and left upper 
lung fields, there is opacification of the intralobar 
pulmonary arteries appearing small in caliber on 
the angiogram. No opacification is seen within the 
left lower lobe. 


seen within the left lower lobe. A broncho- 
gram of the right lung was normal. 

The above case exemplifies one of nor- 
mally developed pulmonary parenchyma 
with primary vascular anomalous changes. 
There are two sites of pulmonary arterial 
hypoplasia; one including the vasculature 
to the right upper lobe, the other area of 
diminished vasculature is atresia of the left 
main pulmonary artery. The systemic 
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Mic. 3. (E) A logEtronic reproduction of the 
initial serial roentgenogram of the retro- 
grade aortic injection shows opacification of 
à large tortuous bronchial artery originating 
from the medial aspect of the left subclavian 
artery and descending to the left hilar area. 
Two enlarged serpentine bronchial arteries 
are noted to arise from the aorta and course 
to the right upper lung. The superior one 1s 
visualized at the apex of the opacified aorta. 
The inferior artery originates from the 
aorta at the level of the lung hilus. (F) The 
angiogram made 0 ๐ .5 seconds later than 
Figure 3K shows to better advantage the 
two right bronchial arteries. At this time a 
fine reticulated pattern is noted within both 
upper lung fields, most prominent on the 
right. This change represents smaller opaci- 
fied bronchial arteries. Note early opacifica- 
tion of the descending branch of the left 
pulmonary artery. (G) One second following 
Figure 3E, the descending branch of the left 


pulmonary artery shows good opacification with the distribution of this intrapulmonary artery appearing 
normal but the caliber shows considerable diminution. The intercostal arteries show no significant tor- 
tuosity or dilatation, apparently plaving little or no role in the systemic lung circulation in this patient. 


circulation of the lung has shown a signifi- 
cant compensatorv role in vascularizing the 
lung parenchyma even without bronchiec- 
tasis. The large svstemic artery originating 
from the left subclavian artery bridges the 
defect within the descending branch of the 
left pulmonary artery to supply the lung 
parenchyma by way of the intrapulmonary 
arterial treé. 


Pulmonary arteriovenous fistulae may be 
divided into two types. Most commonly the 
fistula is formed by a pulmonary artery and 
vein. We are concerned with the arterio- 
venous fistula in which the arterial supply 
is derived from the systemic circulation, 
forming a vascular malformation with the 
pulmonary veins. As pointed out by Good,” 
these cases do not show the clinical findings 
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of cyanosis, phalangeal clubbing and poly- 
cythemia as their shunt is from the sys- 
temic or oxygenated circulation to the 
pulmonary veins. 

It is well known that anomalous arteries 
supplv extralobar and interlobar broncho- 
pulmonary sequestrations. For complete- 
ness, a discussion is presented of these 
anomalous arteries, as to their origin and 
their microscopic appearance. Some au- 
thors’ question the developmental etiol- 
ogy of bronchopulmonary sequestrations. 
They contend that chronic inflammatory 
changes within the lung have evoked 
hypertrophy of the bronchial arterial sys- 
tem and consequently the large bronchial 
arteries are present. Many factors are 
against this theory of etiology. Pryce!’ has 
described the microscopic structure of the 
aberrant arteries seen in sequestration and 
they have been identical to pulmonary 
arteries except that they are slightly thicker 
and contain more elastic tissue. By this 
observation he has deduced that embryo- 
logically the vessel is pulmonary in origin. 
A recent report by Talalak,? เท which a 
case of pulmonary sequestration was ob- 
served in a 14 day old infant, further sub- 


stantiates the developmental etiology of 


this entity. 

Observations on the systemic circulation 
in patients studied would indicate that at 
least a 3 month period would be necessary 
for a Sicani hypertrophy of the sys- 
temic circulation of the lung to occur. 
Another factor for consideration is that the 
anomalous artery in pulmonary sequestra- 
tion is by far more commonly seen originat- 
ing from the aorta without significant 
change in the intercostal arteries. This 
would appear most remote considering the 
cases observed with acquired pulmonary 


disease in this series. Other observations of 


aberrant arteries and pulmonary tissue 
below the diaphragm would indicate a 
developmental etiology.” 

The anomalous systemic arteries of bron- 
chopulmonary sequestration originate prl- 
marily from the aorta, either thoracic or 
abdominal. These arteries are usually mul- 
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Circulation 


) The left bronchogram shows normal 


Fre. 3. (HT 
bronchial architecture and distribution. This 
study shows good alveolarization within the left 
upper lobe and lingula, but no change is noted 
within the remaining portion of the left lower lobe. 
The right bronchogram was normal. 


tiple; however, there may be only a single 
arterial supply to the sequestrated lung. 
Although these vessels mav be opacified by 
intravenous aortographv, retrograde aor- 
tography is bv far the most consistent 
method. 


THROMBOEMBOLIC OCCLUSIONS OF 
THE PULMONARY ARTERY 


Cockett and Vass? showed significant 
findings in the experimental animal follow- 
ing ligation of the pulmonary artery. They 
noted that pleural adhesions were formed 
through which a collateral blood supply was 
directed to the lung parenchyma. Branches 
of the intercostal arteries entered the adhe- 
sions and anastomosed with an enlarged 
subpleural capillary network. This network 
of capillaries was supplied predominantly 
by a hypertrophied bronchial arterial vas- 
culature within the lung parenchyma. They 
also observed shunting from the bronchial 
arterial vessels to the primary pulmonary 
arteries as shown by neoprene Casts. 
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lic. 4. (4) A routine roentgenogram of a 35 year 
old male Negro with sickle cell disease. The main 
pulmonary artery and hilar vascular shadows are 
prominent with increased radiolucency noted 
within the bases. The ribs show a coarse trabecular 
pattern resulting from increased hematopoietic 
activity. 


Occlusions of the pulmonary artery may 
be the result of a thromboembolic phenom- 
enon or a neoplastic or granulomatous 
process. The pulmonary arterial obstruc- 
tion may therefore be acute or an insidious 
process. In massive pulmonary embolism, 
the systemic circulation of the lung may be 
a significant part in the prevention of mas- 
sive infarction.” 

Figure 4,7, a routine roentgenogram of a 
35 vear old male Negro with sickle cell 
disease, shows prominent hilar vasculature. 
The bases show increased radiolucency. 
The ribs reveal changes of sickle cell disease 
as evidenced bv a coarse trabecular pattern 
resulting from increased hemopoietic ac- 
tivity. 

The pulmonary angiogram (Fig. 48) 
shows an enlarged main pulmonary artery. 
The upper lobes show opacified vasculature 
with a significant decrease in the patent 
vasculature in the bases bilaterally. These 
obstructed pulmonary arteries are thought 
to bea result of in situ thromboses during a 
sickle cell crisis. The retrograde aortogram 
(Fig. 4C) shows significant hypertrophy of 
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the systemic circulation; An enlarged left 
bronchial artery 1s seen projecting inferiorly 
from its origin at the descending aorta be- 
tween the sixth and seventh intercostal 
arteries. On the right a large bronchial 
artery is derived from the seventh inter- 
costal artery and courses inferiorly to the 
right lower lobe. Tortuositv of the inter- 
costal arteries is noted bilaterally. A 
close-up of the arteriographic study (Fig. 
4D) reveals a marked reticulation within 
the right lower lung field indicating innum- 
erable small bronchial arteries. Another 
case of massive pulmonary vascular ob- 
struction has been presented previously.” 


EMPHYSEMA 


Angiographic alterations of the primarv 
pulmonary arterial system in the presence 
of emphysema have undergone considerable 
studv.^" On the contrary the systemic 
circulation in the living patient has had 
little or no investigation. 

The morbid anatomic alterations of the 
systemic circulation in the presence of 
emphysema have been presented by Cud- 
kowicz and Armstrong.’ Postmortem stud- 
ies of 18 pulmonary emphysematous cases 
revealed narrowing or obliteration of the 
intrapulmonary branches of the bronchial 
arteries in 78 per cent of the cases. They 
stated that there was total loss of the bron- 
chial circulation in the areas where paren- 
chymal structural changes were most pro- 
nounced. Microscopic examination of the 
bronchial arteries showed progressive pe- 
ripheral occlusion of the lumen resulting 
from intimal proliferation. The end stage of 
this process was fibrosis which replaced the 
intima and media. Vascular pleural adhe- 
sions were present in 13 cases. In 4 in- 
stances there was evidence of demonstrable 
precapillary anastomoses between pulmo- 
nary arteries and abnormally distributed 
and enlarged systemic arteries. 

Crenshaw? states, “in bronchiectasis 
there is an increase in the bronchial artery 
vascularization while in degenerative lung 
disease there is a decrease.” Fifty cases of 
degenerative lung disease reported by 
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Fic. 4. (B) The pulmonary angiogram reveals 
a prominent main pulmonary artery and 
opacification of the pulmonary arterial tree 
within both upper lobes. The lower lobes 
show marked diminution in opacified vascu- 
lature. (C) LogEtronic reproduction of the 
retrograde aortogram shows a significant 
increase in the systemic circulation of the 
lung. The left bronchial artery originates 
from the descending aorta at the lung hilus 
and courses inferiorly and branches within 
the lung parenchyma. On the right a large 
bronchial artery originates from the seventh 
intercostal artery and courses inferiorly to 
supply the right lower lobe. Note the tortu- 
ous intercostal arteries. Within the right 


lower lobe a reticular pattern is apparent. (D) Close-up of the right lower lobe shows the marked reticula- 
tion, a result of numerous opacified small bronchial arteries. 


Crenshaw were noted to have combined 
obliterative changes in both the svstemic 
and primarv pulmonarv arteries. All cases 
were heavy smokers and the term “‘pulmo- 
nary Buerger's disease" was proposed. 
Conversely, in 6 of 7 emphysematous 
cases, Liebow!® reported significant expan- 
sion of the bronchial arterial circulation. 
In the present study diminution in the 
bronchial arterial system normally supply- 
ing the lung parenchyma occurred in all 
patients who have not had asthma or 
primary bronchial disease by historical 
data. Also in all of these cases there has 
been observed an increase in a collateral 
systemic circulation of the lung. This is 
manifested primarily by tortuosity of the 
intercostal arteries with multiple perforat- 
ing vessels. In view of this dynamic proc- 
ess, one must consider the original or 


primary bronchial circulation and the col- 
lateral or secondary arterial supply. This 
collateral circulation has frequently led to 
rib notching and erosion and apparently is 
a compensatory mechanism, initiated by 
parenchymal ischemia. A significant part 
of this collateral vascularization is ac- 
complished bv perforating vessels from the 
tortuous intercostal arteries. 

A case of obvious emphysema is shown 
in Figure 5, Zand B. The retrograde aortic 
study (Fig. 57) shows opacification of the 
intercostal arteries bilaterally with the up- 
per intercostal arteries showing tortuosity. 
A significant finding within the right lower 
lobe is the relative discrete dense appear- 
ance of the pulmonary arteries supplying 
the anterior and lateral basilar segments. 


This observation is fully appreciated by 


comparing the serial angiograms and is 
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Fic. 5. (4) Retrograde aortic 
opacification of the intercostal arteries bilaterally, 
with those in the upper thorax showing tortuosity. 
Rib notching is noted just lateral to the angle of 
the right sixth and seventh posterior ribs with 
adjacent perforating arterial branches. The pri- 
mary pulmonary arteries supplying the anterior 
and lateral basilar segments are discrete and show 
minimal opacification. (B) Close-up of 4 showing 
the areas of rib notching and adjacent arteries. 


indicative of peripheral bronchial to pul- 
monary arterial shunting. At the site of the 
rib notching, perforating vessels are noted 
to lie adjacent to the site of the rib notch. 
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This is better appreciated in a close-up 
study of Figure 5B. 

This accentuated collateral systemic 
circulation may show significant shunting 
to pulmonary arteries resulting in their 
opacification during aortic injection. The 
shunting may result in opacification of the 
peripheral arteries as well as a major pul- 
monary arterial branch. 

The roentgenographic and angiographic 
studies of a 52 vear old man, who had a 
noncontributorv historv, are seen in Figure 
6, A-E. 

The routine chest roentgenograms, (Fig. 
6, A and B) show a diminished volume 
within the left hemithorax with mediastinal 
shift to this side. The lung has obviously 
undergone considerable degeneration with 
numerous bullae interspersed with paren- 
chymal fibrosis. The right lung shows over- 
expansion as well as changes of a chronic 
infiltrate 1 ท the area of the posterior seg- 
ment of the right upper lobe. 

The pulmonary angiogram (Fig. 6C) 
shows good opacification of the pulmonary 
arterial tree on the right with an apparent 
diminution in finer opacified vascular 
radicles indicative of generalized emphv- 
sematous change. The left main pulmonary 
artery ws only filled in its proximal portion 
without opacification of the left pulmonary 
vasculature bevond this point. This opaci- 
fied left pulmonary artery shows no dis- 
crete blunt obstruction nor tapering to sug- 
gest atresia. 

Figure 6D, a logEtronic reproduction of 
the initial roentgenogram following retro- 
grade aortic injection shows huge markedly 
tortuous left intercostal arteries, with mul- 
tiple pertorating branches originating from 
these intercostal arteries. Similar but far 
lesser changes are seen on the right. Very 
early amd faint opacification of the de- 
scending branch of the left pulmonary 
artery is noted in its proximal aspect. A 
serial study 3.5 seconds later (Fig. 6£) 
shows good opacification of the descending 
branch of the left pulmonary artery with 
3 of its parenchymal branches traversing 
into the lung parenchyma within theleft 
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[“16. 6. (4 and B) Posteroanterior and lateral routine roentgenograms show the mediastinum to be shifted 
to the left. Within the left lower lobe fibrotic and emphysematous changes are apparent. Within the left 
upper lobe numerous bullae are seen. On the right overdistention of the right lung is seen with chronic 
fibronodular infiltrative changes being apparent within the posterior segment of the right upper lobe. 


lower lobe. This opacification of the pul- 
monary artery obviously indicates ab- 
normal anastomotic channels between the 
systemic circulation of this left lung and the 
primary pulmonary arterial circulation. 

The presence of these shunts probably 
explains opacification of pulmonary arterial 
branches in emphysema when selective 
angiography is performed, with absent or 
diminished opacification on the Robb- 
Steinberg angiographic method.’ In the 
latter technique significant opaque medium 
dilution occurs at the site of the bronchial 
arterial shunting. 

Although the initiating factor of these 
anastomotic channels mav be different than 
that of bronchiectasis, the end result in 
regard to the physiologic implications 
would appear the same. Liebow and asso- 
ciates,^ in studying the morbid svstemic 
circulation in bronchiectasis, have noted 
the vascular anastomotic channels to occur 
trom the fourth order bronchi, as derived 
trom the main segmental bronchus, extend. 
ing peripherally to scar tissue seen in the 
bronchiectatic sacs. The largest of the 


anastomotic channels were noted to exceed 
I mm. in diameter; most, however, were 





Fic. 6. (C) The pulmonary angiogram using the 
Robb-Steinberg technique shows a normal opacifi- 
cation of the main pulmonary artery and of the 
main branch on the right. The finer vasculature on 
this right side is diminished, apparently the result 
of the emphysematous process. The left main pul- 
monary artery is visualized only in part and the 
opacified portion terminates without the appear- 
ance of hypoplasia or isolated stenosis. 





ic. 6. (D) A logEtronic reproduction of the initial 
roentgenogram following retrograde aortic injec- 
tion shows huge tortuous intercostal arteries on the 
left with many fine perforating radicles. There is 
early opacification of the descending branch of the 


left pulmonary artery and of 2 of its primary 
branches. On the right tortuosity of the intercostal 
arteries 1s noted; however, of considerably less 
caliber than of their counterparts on the left. In 
the area of the chronic pneumonic infiltrate, many 
perforating arteries are seen. (E) The angiographic 
study 3.5 seconds after Figure 6D shows excellent 
opacification of the descending branch of the left 
pulmonary artery, as well as of 3 of its primary 
branches within the left lower lobe. The tortuous 
intercostal and perforating arteries are noted. This 
opacification of the primary pulmonary vascula- 
ture on the left obviously indicates abnormal 
anastomotic shunts between the systemic and pri- 
mary pulmonary arterial circulation. 


smaller than 1 mm. Crenshaw and Rowles? 
have suggested that the communications 
from the systemic circulation to the pul- 
monary artery radicles occur by way of 
shunts as well as the alveolar capillaries. 
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Initially, these abnormal vascular com- 
munications would appear to accentuate 
the work load of the left ventricle. Ulti- 
mately pulmonary hypertension could be 
anticipated with resultant right ventricular 
strain. 

In a study of pulmonary vascular 
anatomy of mammals, McLaughlin e al." 
tound that only in man and horses was the 
bronchial arterial supply significant in 
supplying lung parenchyma. Emphysema 
was produced by ligation of the bronchial 
arteries in normal horses. 

Observations of the angiographic studies 
on the systemic circulation of 6 emphysem- 
atous cases in this series would explain 
the converse findings of Crenshaw and 
Rowles* and Liebow.'? The former state 
that in emphysema the systemic circula- 
tion is diminished: Liebow found in cor- 
rosion casts of anatomic specimens that 
the systemic circulation had shown in- 
crease. Both of these findings were observed 
simultaneously in the angiographic studies. 
The systemic circulation should be divided 
into the initial bronchial arterial circula- 
tion which originates from the aorta or the 
medial aspects of intercostal arteries and 
the secondary or compensatory collateral 
circulation. The apparent ischemia re- 
sulting from degeneration of the original 
bronchial arterial system has evoked a 
secondary or collateral systemic circula- 
tion of the lungs supplied by multiple per- 
forating vessels originating from enlarged 
and tortuous intercostal arteries. This 
collateral circulation may become so en- 
larged that fistulous formation with the 
primary pulmonary arterial tree will cause 
opacification of an entire lobar pulmonary 
artery. 

In regard to observations of the inter- 
costal arteries (Fig. 5, 4 and B), the ap- 
parent evolution of the emphysematous 
process is portraved by the tortuous but vet 
disproportionately small intercostal arteries 
in the upper chest, whereas within the 
lower lobes, where compressed pulmonary 
tissue Is present, the intercostal arteries are 
sizable. 
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In a review of these observations it be- 
hooves one to consider that certain emphy- 
sematous cases may be the result of intimal 
proliferation and subsequent obliteration 
and fibrosis of the primary bronchial 
arterial system. 

TUMORS 
Because of postmortem observations??? 


a discussion of vascularization of lung 
tumors must be divided into primary and 
metastatic pulmonary neoplasms. 

As early as 1937 Wood and Miller?’ ob- 
served by injection studies of postmortem 
specimens that primary lung tumors were 
supplied solely by an enlarged bronchial 
arterialsystem. Metastatic neoplasms failed 
to show bronchial arterial vascularization 
but derived their blood supply from pri- 
mary pulmonarv circulation. Wood and 
Miller indicated that the increased. bron- 
chial circulation of primary lung tumors 
was evoked by a concomitant chronic in- 
flammatory process and occlusion of pul- 
monary arterv branches supplving the neo- 
plastic site. 

Cudkowicz and Armstrong® also found 
in § postmortem studies that the primary 
lung tumor was supplied by enlarged 
bronchial arteries. In 2 cases of metastatic 
pulmonary neoplasm, no such circulation 
was apparent. 

Wright?’ observed similarly that primary 
neoplasms of the lung were supplied bv the 
svstemic circulation but also stated that 
metastatic lesions showed bronchial arterial 
supply. 

Our experience with lung tumors is 
limited but angiographic studies done have 
correlated with the above mentioned mor- 
bid anatomic findings. Figure 7 shows 
numerous fine bronchial arteries 1 ท and 
around a right hilar mass which was subse- 
quently found to be squamous cell car- 
cinoma. The numerous opacified arteries 
have an irregular pattern that one antici- 
pates with neoplasia. 


DISCUSSION 
Observations of the various pathologic 
entities studied readily shows that there 
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lic. 7. Close-up of the logEtronic reproduction of a 
bronchial arteriogram done because of hilar soft 
tissue masses which subsequently were found to be 
squamous cell carcinoma. The vascular pattern is 
that of innumerable irregular small bronchial 
arteries supplying the neoplastic process. 


are 3 basic conditions in which hypertrophy 
of the systemic circulation of the lung may 
result. Parenchymal ischemia, the result 
of congenital or acquired abnormalities 
evokes an expansion of the pulmonary 
systemic circulation. Inflammatory proc- 
esses likewise show significant alteration of 
the systemic lung circulation. Neoplasia 
will expand the primary bronchial circula- 
tion to supply the new growth. 

A combination of any or all of these 
basic pathologic conditions may work to- 
gether as a stimulus for increasing systemic 
circulation of the lung. For instance, neo- 
plasia may cause either obliteration of the 
primary pulmonary vasculature or of a 
bronchus with subsequent chronic inflam- 
matory change, thus producing all of the 
stimuli for hypertrophy of the systemic 
lung circulation. 

The only entity to be associated with 
diminution of the original or primary 
bronchial circulation is emphysema. How- 
ever, due to this basic alteration, in some 
cases of emphysema there is a compensa- 
tory collateral or secondary bronchial 
circulation evoked to such an extent that it 
far exceeds the original bronchial circula- 
tion. 
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Isolated primary abnormalities of the 
bronchial arteries are rare. Multiple sac- 
cular aneurysms of the bronchial arteries 
have been recorded in a patient with luetic 
arteritis. One might anticipate such aneu- 
rysms in Marfan's disease. 

The means of increasing the systemic 
circulation of the lung may be by hyper- 
trophy of the primary or initial bronchial 
arteries. As observed in the patients de- 
scribed above, the intercostal arteries with 
perforating branches into the lung may 
account for a significant part of the new 
circulation. This is particularly. prevalent 
in those cases in which there is diminution 
in the diaphragmatic excursion and move- 
ment of the involved hemithorax. As indi- 
cated in the section of anatomv, the sub- 
clavian, internal mammary and phrenic 
arteries may be contributory in supplying 
lung tissue. 

Opacification of the primary pulmonary 
circulation by injection into the aorta may 
result from congenital entities or acquired 
abnormalities. In the acquired. lesions; 
namely, emphysema and inflammatory 
processes, bronchiectasis in particular, the 
pulmonary arterial opacification is a result 
of bronchial arterial to pulmonary arterial 
shunts. On morbid anatomic studies, as 
described above, these shunts have been 
noted to be at a precapillary location. This 
anatomic site of shunting would account 
tor flow from the bronchial circulation to 
the pulmonary arteries in a retrograde 


fashion. As observed in Figure 6, .4-E 
larger shunts may exist in a more central 


location. In this case the opacification ap- 
pears to originate medially and progress to 
the periphery. The physiologic and clinical 
significance of this shunting should have 


further study. These acquired anatomic 
changes are in essence an "acquired patent 
ductus arteriosus’ and would initially 


cause an increased work load for the left 
heart. Considerably more investigation 
must be done to determine whether such 
areas of shunting should be resected, par- 
ticularly in those cases of emphvsema where 
operative intervention Is anticipated. 
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SUMMARY 


The normal variations in the origin of 
the systemic circulation of the lung are re- 
viewed. A method for optimum opacifica- 
tion of the systemic circulatory system for 
roentgenographic study has been devised. A 
detailed consideration of the anatomic 
alterations, etiologic, prognostic, and phys- 
iologic implications of the systemic circula- 
tion of the lung in varied pathologic 
conditions has been made. 


John Riley Williams, M.D. 


8215 Westchester Drive 
Dallas 25, Texas 
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POSIMYOCARDIAL INFARCTION SYNDROME 


By H. R. ARNOLD, M.D. 


CORPUS CHRISTI, TEXAS 


T! : IE postmvocardial infarction syn- 
drome was first described by Dressler? 
in 1956. Typically, this syndrome is a triad 
consisting of pericarditis, pleuritis, and 
pneumonitis following myocardial infarc- 
tion. Since its original description, there 
have been manv cases reported in the gen- 
eral medical literature; however, to date we 
have been unable to find any anes in the 
radiologic literature concerning this un- 
usual syndrome. During the past 3 years, 
we have had the occasion to see 0 of 
these cases. The reported case is fairly 
tvpical and presented the usual roentgeno- 
graphic findings of this disease process. 


REPORT OF A CASE 


The patient was first seen on June 21, 1961 


with the complaint of pain in his left chest of 


approximately 3 days’ duration. The pain was 
described as a constant ache which did not 
radiate and was not aggravated by exertion 
nor was it influenced by coughing, deep breath- 
ing, or movement. Past history disclosed that 
this patient was hospitalized in April, 1961, in 
another hospital for acute myocardial infarc- 
tion. Physical examination revealed the blood 
pressure to be 132/7 4, respiration 20, pulse 
88, and temperature 98.8°F. The heart rate 
and rhythm were normal and there were no 
audible murmurs or friction rubs. Crepitant 
rales were present in the base of the left lung. 
Physical examination showed no other re- 
markable findings. The electrocardiogram was 
interpreted as showing evidence of a previous 
posterior myocardial infarct but there was no 
evidence of acute myocardial damage. A roent- 
genogram of the chest demonstrated bilateral 
basilar infiltrations, most marked in the left 
base, minimal left pleural effusion, and moder- 
ate generalized enlargement of the heart with 
the configuration compatible with pericardial 
effusion. Laboratory examination showed the 
blood count and urinalysis to be within normal 
limits. The sedimentation rate was 40 mm. and 
the SGOT was 40 units. The patient was hos- 
pitalized and, was treated with bed rest, peri- 
trate, nitroglycerin, and anticoagulants. Soon 
after hospitalization, the pulse rate became 
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elevated to approximately 100 and it was 
thought that he might be going into congestive 
failure for which digitalis was given. On the 
fourth day of hospitalization the patient de- 
veloped a temperature of 101.6?F. and anti- 
biotic therapy was begun. After approximately 
16 days of hospitalization, the temperature and 
chest pain gradually subsided and the sedi- 
mentation rate returned to normal. He was dis- 
charged trom the hospital at this time. Follow- 
ing discharge he had recurrent episodes of chest 
pain and pain in the epigastrium. On August 6, 
1961, the pain became severe enough to neces- 
sitate re-admission to the hospital. At this time 
his pain was located over the sternal region in 
the anterior part of the chest and was described 
as an aching type of pain which was aggravated 
by coughing, deep breathing, or any tvpe of 
motion, Physical examination was negative ex- 
cept for crepitant rales in the left lung base. An 
electrocardiogram again showed evidence of a 
previous posterior myocardial infarct but no 
evidence of acute damage. À roentgenogram of 
the chest demonstrated a minimal infiltration 
and pleural effusion in the left base. The heart 
was moderately enlarged, the configuration of 
which was compatible with pericardial effusion. 
Laboratory examination showed the white 
blood cell count to be 11,650 with 6 ๐ poly- 
morphonuclears and 40 lymphocytes. The sedi- 
mentation rate was 20 and the SGOT was 26 
units. No other pertinent laboratory findings 

were present. Due to the clinical, laboratory, 
roentgenologic and cardiographic findings, a 
diagnosis of postmyocardial infarction syn- 
drome was made. The patient was placed on 
steroid therapy. The day following the institu- 
tion of the steroid therapy, he described an im- 
provement in his chest pain and 3 days later he 
was completely free of pain. He was discharged 
from the hospital อ ท August 13, 1961 on a 
maintenance dose of steroids. After being dis- 
charged from the hospital, he did quite well 
with onlv one slight recurrence of the chest 
pain. Re-examination of the chest 3 months 
later showed the chest to be normal. 





ETIOLOGY 


The etiology of this syndrome is un- 
known. Present knowledge tends to indicate 
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that this is not infectious in origin. It is 
postulated that it may represent a hyper- 
sensitivity reaction to auto-antigens result- 
ing from necrosis of the myocardium. 


CLINICAL FEATURES 

This syndrome is characterized by fever, 
chest pain, and evidence of pericarditis, 
pleurisy, and pneumonitis following myo- 
cardial infarction. The fever may tend to 
merge with the initial temperature eleva- 
tion of the myocardial infarction or it may 
appear from one to several weeks following 
the infarction. The temperature usually 
ranges from 101?F. to 102?F. with a low 
grade temperature of approximately 100?F. 
between the acute exacerbations. The chest 
pain associated with this syndrome is pleural 
or pericardial in type but may closely re- 
semble the pain seen with acute myocardial 
infarction. It usually makes its appearance 
with the temperature elevation but occa- 
sionally may precede the fever. The peri- 
carditis, pleuritis, and pneumonitis may 
occur alone or in combination; they usually 
appear from one to several weeks following 
the infarction and last from several days to 
several weeks. The pericarditis is accom- 
panied by a marked pericardial etfusion. A 
pericardial rub is occasionally heard and 
remains audible from 7 to to days. The 





Fic. 1. Initial chest roentgenogram on June 29, 1961 
demonstrating bilateral pneumonia, minimal left 
pleural effusion, and moderate cardiac enlargement. 


Postmyocardial Infarction Syndrome 





ic. 2. Roentgenogram made at the time of second 
hospitalization on August 7, 1961. There has been 
some resolution of the pneumonia; however, there 
is still minimal left pleural effusion and moderate 
cardiac enlargement. 


pericarditis is a prominent feature as con- 
trasted to that which occurs with acute 
infarction. The pericarditis accompanying 
myocardial infarction is rare in its occur- 
rence and is usually transient, showing little 
or no effusion. The pleural effusion which 
develops with this syndrome is generally 
very minimal but may be quite marked and 
Is seen on one or both sides. Pleural effusion 
Is never seen with acute myocardial infarc- 
tion unless there is some associated conges- 
tive failure or pulmonary infarction. The 
pneumonitis which sometimes occurs is less 
commonlv seen than the pleuritis and peri- 
carditis and occurs in only approximately 
one fourth of the cases. The patient has a 
cough and occasional hemoptvsis. There 
are moist rales audible over the involved 
areas. The pneumonitis may involve one or 
both lungs. Laboratory examination shows 
a leukocytosis with the white blood cell 
count ranging from 10,000 to 20,000. There 
is usually a neutrophilia; however, occa- 
sionally one sees an eosinophilia. The sedi- 
mentation rate is increased. In protracted 
cases an anemia and hypoproteinemia may 
develop. The serum transaminase may 
show a rise even when there is no apparent 
extension of the original infarct. The elec- 
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Fic. 3. Final chest roentgenogram on November 3, 
1961 which was made after the patient was symp- 
tom free demonstrates the chest to be normal. 


trocardiogram shows signs of a fairly recent 
myocardial infarction and in approxi- 
mately one half of the cases, there may be 
changes of a pericarditis. This condition is 
not a rare one and seems to be one of the 
more common febrile complications of 
myocardial infarction. It is estimated that 
this complication occurs in 3 to 4 per cent of 
the cases of myocardial infarction. The 
diagnosis should be suspected whenever one 
sees a febrile episode following a coronarv 
tvpe of attack which is accompanied by 
signs of pericarditis, pleuritis, and pneu- 
monitis. The diagnosis is confirmed by 
laboratory, electrocardiographic, and roent- 
genologic findings. The clinical course of 
this syndrome is quite variable. The dura- 
tion of each episode varies and mav last as 
long as 6 weeks. There may be multiple 
recurrences. The prognosis is generally good 
as the disease is self-limited, although occa- 
sionally a fatal cardiac tamponade mav 
result in death. Since the disease is self- 
limited, symptomatic therapy with salicyl- 
ates, analgesics, and narcotics usually 
suffices. Steroid therapy may give prompt 
remission of the fever and chest pain within 
24 hours; however, rebounds are prone to 
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occur, therefore steroids should be reserved 
tor the more severe cases. The most impor- 
tant point to be stressed in regard to 
therapy is the discontinuance of anticoagu- 
lants to avoid the possibilitv of a fatal 
hemorrhagic pericardial effusion. Ditferen- 
tial diagnosis includes congestive failure, 
embolism with pulmonary infarction, and 
idiopathic pericarditis. This syndrome also 
closely resembles the post commissurotomy 
syndrome. 
PATHOLOGY 

The pericardial and pleural effusions are 
usually straw-colored, but are occasionally 
hemorrhagic even in the absence of anti- 
coagulants. The effusion is an exudate and 
microscopic analysis shows the presence of 
both erythrocytes and white blood cells 
with polymorphonuclears predominating. 
Occasionally, lymphocytes may predomi- 
nate and eosinophils may be seen at times. 
There is very little knowledge regarding 
the pathology of the pneumonia. 


ROENTGENOGRAPHIC FEATURES 

The pericarditis which develops usually 
produces a sufficient effusion to be detect- 
able on roentgenograms and varies from 
moderate to marked. Sixty-two per cent of 
the cases in Dressler’s series showed roent- 
genographic evidence of pericardial effu- 
sion. The pleural effusion which develops is 
usually small as compared to the pericard- 
ial effusion. Occasionally, the effusion will 
be great enough to necessitate thoracente- 
sis. The effusion may be unilateral or bi- 
lateral but is most frequently bilateral. The 
pneumonitis occurs much less frequently 
than the pericarditis or pleuritis and is only 
seen in approximately one fourth of the 
cases. When it occurs, it is usually seen in 
the basal portions of the lungs, affecting one 
or both lungs. Its usual appearance is that 
of a bronchopneumonia. 

The roentgenographic features are by no 
means diagnostic; however, when there is 
evidence of pericardial effusion, pleural 
effusion, and pneumonitis in a patient who 
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has had a recent mvocardial infarction, one 
should consider the diagnosis of postmvo- 
cardial infarction syndrome. 


SUMMARY 


A case of postmyocardial infarction syn- 
drome is presented. This svndrome consists 
of pericarditis, pleuritis, and pneumonitis 
following mvocardial infarction. The etiol- 
ogy of this syndrome is obscure but may be 
on the basis of a hypersensitivity reaction 
to auto-antigens arising from the necrotic 
myocardium. Clinically, this syndrome is 
characterized by fever, pain, and evidence 
of pericarditis, pleuritis, and pneumonitis. 
The pericardial and pleural effusions are 
usually straw-colored but may be hemor- 
rhagic. Roentgenographically, there may 
be evidence of pericardial effusion, pleural 
effusion, and pneumonia. 
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ROENTGEN DIAGNOSIS OF PULMONARY EMBOLISM 
AND ITS DIFFERENTIATION FROM 
MYOCARDIAL INFARCTION* 


By A. LAUR, M.D., EF.LC.A. 


LEVERKUSEN, GERMANY 


HE diagnosis of pulmonary embolism 

with or without infarction is difficult 
and, in general, is infrequently made. This, 
to a degree, is understandable since there is 
no single sign, clinical, electrocardiographic 
or roentgenologic, which could be consid- 
ered pathognomonic of the condition.? *:!! 
Autopsy findings in these cases have shown 
marked discrepancv.? 

Because of this difficultv, the clinical his- 
tory and the phvsical findings are of utmost 
importance. The electrocardiogram may 
contribute considerably, but a positive 
diagnosis cannot be made by this method 
alone, Roentgenologic procedures are re- 
garded as contraindicated in patients with 
the acute stage of the disease in view of the 
risk to the patient and the poor results ob- 
tained. These two objections form the basis 
of our study. 


Since thromboembolic processes have a 
tendency to progress, or at least remain 


stationary, a complete roentgenologic 
method of evaluation would be of great 
value to the clinician. Our study seems to 
be even more justified since roentgeno- 
grams are often made in cases of pulmo- 
nary embolism when other conditions are 
diagnostically considered as, for example, 
pneumothorax, perforation of the gut, 
pneumonia, pleurisv, gallbladder disease, 
etc. In practice, therefore, the objection 
raised to the roentgen examination of pa- 
tients with pulmonary embolism is un- 
founded. 

Interest in improving the diagnostic 
possibilities 15 further enhanced by the re- 
ports of Israel and Goldstein? and of Short? 
who state that pulmonary embolism out- 
numbers pneumonitis and is the most fre- 


quently encountered pulmonary disease in 
general hospitals. 

It the patient is lifted with a sheet so that 
a roentgenographic cassette may be placed 
under his chest, the risk will be reduced to a 
minimum and will not be greater than that 
produced by auscultation of the lungs. We 
do not feel that a new embolism or a further 
disturbance of the circulatory process is 
caused bv this procedure. Portable roent- 


ROENTGEN FINDINGS 


A study has been made over a 4 vear 
period of 433 roentgenograms (Table 1) of 
126 patients who had 197 thromboembolic 
episodes. Changes were observed in the 
heart, the central and peripheral pulmonarv 
vessels, the lung parenchyma, the pleura 
and the diaphragm, 

In considering the heart, the changes in 
contour and size are of interest especially 
during the first 24 hours. An increase in 
diameter of more than 1 cm. was found in 
16 out of 45 patients. Pre-existing damage 
of the mvocardium by hvpertonus, cardiac 
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ROENTGENOGRAPHIC STUDY OF PULMONARY 
EMBOLISM 1958-1961 






Pe seta eget ee eee RUPIAH 





No. of Cases 126 severe* 35 died 15 
moderate* 60 necropsy 4 
mild* 31 


Embolic Episodes 197 No. of roentgenograms 433 


supine position 268 

upright position 

* Severe: collapse, blood pressure <go systole, excruciating 

pain, pulse rate >120/min.; moderate: tachypnea up to 24 /min., 

tachycardia up to 120/min., cyanosis, dyspnea; ikd: showing 
mild symptems, 


* From the Department of Radiology, General Hospital, Leverkusen, Germany. 
Presented at the Tenth International Congress of Radiology, Montreal, Quebec, Canada, August 26-September 1, 1962. 
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CHANGES IN HEART SIZE ON ROENTGENOGRAMS* 
AND ELECTROCARDIOGRAPHIC FINDINGS IN 45 
EPISODES OF SEVERE PULMONARY EMBOLISM 


D RR 








ECG 
Changest No changes 
H Pd rt ti ND RR — 
McGinn— 
White curve 

Enlarged 16 12 477 25% 4 
Unchanged 29 26 15 - 50% 3 
Episodes 45 38 19 = 41% " 

Q Pl? cC. 

9570 1570 


* In 41 cases roentgenograms were made within 24 hours after 
the episode. 
t McGinn-White curve; right ventricular bundle branch 


insufficiency, valvular disease, arrhythmia, 
and chronic cor pulmonale obviously do not 
influence this finding. 

A comparison of the roentgenographic 
findings with those of the electrocardio- 
gram the first 24 hours after the embolic 
episode (Table 11) showed that 12 of 16 
cases with demonstrated enlargement of the 
heart had changes on the electrocardio- 
gram; of these, 25 per cent were in the form 
of a McGinn-White? curve. Of those cases 
which demonstrated no heart changes on 
roentgenograms, 26 out of 29 showed elec- 
trocardiographic changes, so per cent of 
these exhibiting the McGinn-White curve. 
Thus a total of 85 per cent of the patients 
in this series showed electrocardiographic 
changes during the early stage of the dis- 
ease. In 42 per cent these were in the form 
of the classic McGinn-White curve (acute 
cor pulmonale). It is interesting to note 
that the latter finding was observed twice 
as often in cases showing no heart changes 
roentgenographically as compared to those 
in which enlargement of the heart was 
demonstrated. 

On roentgenograms made within 24 hours 
of the embolic episode, enlargement of the 
heart was demonstrated in 40 per cent of 
the severe cases, 30 per cent of the moderate 
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Fic. 1. Diagram showing configuration of the heart 
in the anteroposterior roentgenogram due to stress 
on the right heart. This configuration was observed 
in 12 cases (10 per cent), in addition to 2 cases of 
chronic cor pulmonale resulting from recurrent 
embolic episodes or thrombosis, 3 cases of chronic 
cor pulmonale and 2 cases of mitral valve failure, 
or a total of 19 cases. 


cases and in 10 per cent of the mild cases. 
Fifteen days after pulmonary embolism 
had occurred, this finding had decreased by 
25 per cent in the total group of 126 cases. 

Only 19 cases showed changes in the con- 
tour of the heart as a result of stress to the 
right heart (Fig. 1). Flattening of the left 
cardiac incisura or prominence of the pul- 
monary arc were seen only as incidental 
findings. These in no way were comparable 
to those observed in cases of chronic cor 
pulmonale or in cases of recurrent throm- 
boembolic episodes.? Seven cases of chronic 
cor pulmonale and mitral valvular disease 
were not taken into account; therefore, in 
only io per cent of the cases was there 
roentgenographic evidence of stress to the 
right ventricle, a result which was unex- 
pected. 

In the acute phase the hilar vessels 
showed dilatation in 77 per cent of the 
severe cases, 70 per cent of the moderate 
cases and in 48 per cent of the mild cases 
(Fig. 2, 4, B and C). Dilatation of the pul- 
monary artery was noted in 57 per cent of 
the severe cases, £1 per cent of the moder- 
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Fic. 2. Diagrams showing a comparison of the roentgenographic findings in (,7) severe cases, (B) moderate 
cases, and (C) mild cases. Acute cor pulmonale is observed in the severe (4) and most of the moderate (2) 
cases. It seldom occurs in the mild cases (C). The numbers indicate percentage. (See text.) 


ate cases and 22 per cent of the mild cases. 
Regional transudation was seen in $4 per 
cent of the severe cases, 37 per cent of the 
moderate cases and in 11 per cent of the 
mild cases. This may lead to more pro- 
nounced clouding in incomplete infarctions 
according to Hampton and Castleman.‘ 
Obliteration of perihilar vessels with hypo- 
vascularity distally was seen in $3 per cent 
of the severe cases, 24 per cent of abe mod- 
erate cases and 11 per cent of the mild 
cases, whileobliteration of the hilus, respec- 
Duel larger parts of the hilus, éould be 
verified in only 11 per cent and this only in 
severe Cases (W estermark's!? sign). 

One finding which has not been men- 
tioned in the literature was a defect about 1 
to2 cm. in length within a vascular shadow 
(Gefüsslücke); this might be due to a 
regional vasoconstriction and mav repre- 
sent pathophy siologically a stage between 
the sign of Westermark and an infarction. 
Apparently a collateral blood supply by A 
bronchial artery is of importance. It wa 
visualized in 20 per cent of the severe cases 
and in $ per cent of those of moderate 
severity (Fig. 3, £, B and C). 

There appears to be an inverse relation- 


ship between formation of pleural fluid (35 


to 7 ๐ per cent) and pulmonary infarction 
(st to 86 per cent) on one hand and the 
Tase IH 


CARDIAC INFARCTION AND PULMONARY EMBOLISM 





SEVERE CASES bs = s 
Pulmonary 
Cardiac Embolism 
Infarction (acute cor 
pulmonale) 
xa of Cases 16 (died 6) 35 (died 8) 
Episodes 20 70 
No. of Reentgen- 
ograms a5 130 
time after episode 
-19 hr. I rs 
13-24 hr. — -- 
2- * da. 5 5 
;i- 6 da 3 5 
ง -21 da 3 2 
No. of ECG 68 102 
time after episode 
-12 hr. 19 14 
13-48 hr. 4 8 
3714 da. 1 9 (4 cases 
without 
ECG) 
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Fic. 3. Regional defect (Gefásslücke) of the pul- 
monary artery during acute cor pulmonale. Fifty- 
three year old obese female hospitalized at night 
with the provisional diagnosis of acute abdomen or 
cardiac infarction. She was confined to bed for 5 
days prior to admission because of injury to the leg. 
The electrocardiogram on admission showed a 
McGinn-White curve. (4) Roentgenogram made 4 
days after the acute episode shows a vascular 
defect between a small infarct in the lower right 
hilar region and 2 dilated segmental arteries in the 
lateral base. Another small infarct is seen in the 
cardiodiaphragmatic angle. No enlargement of the 
heart is demonstrated. The diaphragm is elevated. 
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severity of embolization on the other. The 
larger the embolus, the more central its 
location and the less chance of infarction 
with pleurisv. 

The most frequent roentgen finding was 
elevation of the diaphragm (Fig. 4, 4 and 
B); this may be as much as 10 cm. or more 
and 1s visible not onlv on the recumbent 
but also on the upright roentgenograms. It 
was noted in 74 per cent of the severe cases, 
71 per cent of the moderate cases and in zo 
per cent of the mild cases. As early as 1935 
Zweifel" called attention to this finding; 
later it was re-emphasized bv Fleischner.! 

ไท our studv (1958-1961), 16 cases with 
cardiac infarction were examined by roent- 
genograms (Table 111). This diagnosis was 
verified at autopsy or during the further 
course of the illness. Of 35 roentgenograms, 
5 were obtained within 12 hours, § within 
3 days and the remaining up to 3 weeks 
after embolization occurred. Cardiac en- 
largement was demonstrated in 75 per cent 
and pulmonary edema in 62 per cent of 
the cases (Table 1v). In only 2 cases was 
the diaphragm elevated. In one of these the 
elevation of the diaphragm was attributed 


TABLE IV 


ROENTGENOGRAPHIC STUDY OF SEVERE CASES OF 
CARDIAC INFARCTION AND PULMONARY 
EMBOLISM I958—1961 











Pulmonary 





Cardiac 
Infarction* Embolism 
No. of Cases 16 35 
Heart Enlarged 12 7505 13 39% (of 33) 
Edema of Lung 10 62% 10 29% 
Elevation of 
Diaphragm 2 12% 25 74% (of 34) 








* One case combined with pulmonary infarction is excluded. 








(B) Fourteen days later, the defect is less marked, 
the infarcts are smaller and the diaphragm is only 
slightly elevated. (C) One year later, the vascula- 
ture has a normal appearance and the caliber of the 
obliterated vessel is normal. 
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Fic. 4. Cardiac infarction and pulmonary embolism. Fifty-three year old male. The patient had transmural 
cardiac infarction with classic electrocardiographic findings. Five days later he developed a second episode 
(reinfarction?). (4) Roentgenogram made 1 day after the second episode shows bilateral elevation of the 
diaphragm, a large infarct of the left lung and a small infarct of the right lung, and widening of the vena 
azygos. There is no prominence of the pulmonary segment of the heart. (5) Twenty-seven days later, the 
elevation of the diaphragm is § cm. less. Residuals of the pulmonary infarction are noted. 


to a concomitant pulmonary embolus* and 
in the other pulmonary embolization was 





Fic. 5. Cardiac infarction without pulmonary embo- 
lism. Sixty-eight year old male. Thirty-six hours 
after massive cardiac infarction, with typical 
electrocardiographic changes, recumbent roent- 
genogram shows increased heart size and marked 
pulmonary edema, but the position of the dia- 
phragm is normal. 


suspected. There appears to be a reflex 
paralvsis of the diaphragm in acute cases 
when an embolus within the lung is present, 
whereas a primarv process of the heart does 
not seem to cause such paralysis (Fig. 5). 
An atelectatic plate at the left base of the 
lung occurs occasionally with cardiac in- 
farction.? 

Pulmonary edema (Table v) does not in- 
fluence the position of the diaphragm and 
whether the distribution of edema is sym- 
metric or asymmetric does not appear to be 
of value in the differential diagnosis (Fig. 


5). 
SUMMARY 


The changes of the cardiac silhouette on 
roentgenograms are less pronounced in 
cases of acute cor pulmonale caused by pul- 
monary embolization than in cases of 
chronic cor pulmonale. Only about one- 
third of the cases showed enlargement of 
the heart and in only Io per cent the car- 
diac contour exhibited changes caused bv 
stress on the right heart. 

More significant are the alterations of the 


* Three such additional cases have been observed since then. 
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Taste V 
LUNG EDEMA AND ELEVATION OF DIAPHRAGM IN 
CARDIAC INFARCTION AND PULMONARY EMBOLISM 


Diaphragm 


No. = EOE AMELECA, 
ka T Not 
Cases Elevated ea 
elevated 
Cardiac 
Infarction 10 1 (immediately after © 
mild second epi- 
sode; pulmonary 
embolism ?) 
Pulmonary 
Embolism 1 ๐ 8 (3 cases > I inter- 2 
costal space in 
people with py knic 
constitution) 


Is present in a case of cardiac infarction, concomitant pul- 
monary embolism should be suspected. 


pulmonarv vessels, which allow indirect 
deductions about pressure increase within 
the pulmonary circulation. The visualiza- 
tion of a detect (Gefasslticke) in a vessel 
appears to be a direct roentgen sign of a 
pulmonary embolus. Check-up examina- 
tion is essential for the final evaluation. By 
this method the status of the hilus was de- 
termined in about one-third of the cases 
and that of the peripheral vasculature in 
one-half of the cases. 

Elevation of the diaphragm proved to be 
the most frequent finding and was present 
In 70 per cent of the cases of pulmonary in- 
farction in our series. 

In the majority of cases of cardiac in- 
farction, the diaphragm was demonstrated 
in the normal position; but, when elevation 
is present, concomitant pulmonary embo- 
lism should be considered. 

It is concluded that the roentgen exami- 
nation of the chest contributes significantly 
to the diagnosis of pulmonary embolism, 
leading to early anticoagulant therapy, and 
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the salvage of the patient from this insidi- 
ous and often fatal disease. 


St. Ingberter Str. 5 
Leverkusen, Germany 
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F. G. Fleischner, Clinical Professor of Radi- 
ology, Emeritus, Harvard Medical School, for 
his kind interest and advice in studying the 
problem. I am indebted to all the physicians of 
the Städt. Krankenhaus, Leverkusen for their 
generous support, particularly to Dr. Diller and 
Dr. Sprüth. 


12 FLEISCHNER, F. G. Pulmonary embolism. Canad. 
MA Fa, 1958, 78, 653-060. 


2. FügrscE NER, F. G. Pulmonary embolism. Clin, 
Radial., 1962, r2, 169-182. 

3. GORHAM, L. W. Study of pulmonary embolism. 
AM. A. Arch. Int. Med., 1961, 708, 189-207; 
also 418—426. 

4. Hampron, A. O., and CasrtgMaNN, B. Correla- 


tion of postmortem chest teleroentgenograms 
with autopsy findings; with special reference to 
pulmonary embolism and infarction. Am. J. 
ไจ อ ธง ทอ ธง พ อย, & Rap. THERAPY, 1940, 43, 
305-326. 

. TSRAEL, H. L., and GOLDSTEIN, F. Varied clinical 
manifestations of pulmonary embolism. Ayn. 
Int. Med., 1987, 47, 202-226. 

6. Laur, A. and ไว ร บ บ อ น , W. Diagnostik der 


Muy 


Lungenembolie. Deutsche med I chnschr., 1962, 
Qo ^20-7224 


us SOL fe 

7. Marres, K., ULMER, W., and WITTEKIND, D. 
Acutes cor pulmonale. In: Handbuch der 
Inneren. Medizin. Springer Verlag, Berlin, 

8. McGinn, S, and Warre, P. D. Acute cor 
pulmonale resulting from pulmonary embo- 
lism; its clinical recognition. 7.4. M.., 1935, 
104, 1473-1480. 

9. SHORT, D. S. Survey of pulmonary embolism in 
general hospital. Brit. M. Y., 1952, 7, 790-796. 

10. WESTERMARK, N, On roentgen diagnosis of lung 
embolism. Acta radiolL, 1938, r9, 357-371. 

11. Zpansky, E. Réntgendiagnostik des Herzens 
und der grossen Gefásse. Springer Verlag, 
Vienna, 1962, pp. 361-566. 

12. AWEIFEL, C. Der Zwerchfellhochstand beim 
Lungeninfarkt. Fortschr. a. d. Geb. d. Róntgen- 
strahlen, 1938, 52, 222-227. 


MATERNAL CIRCULATIO? 


OF 


By MARTIN W. DONNER, M.D, 


ADIOANGIOGRAPHY, in addition to 

its conventional use in diagnosis, is 
assuming an increasingly important role as 
a tool for basic scientific research. Anat- 
omists and physiologists investigating any 
aspect of circulation find in it the means 
of applying a crucial test to deductions 
based upon studies emploving classic tech- 
niques. The static and artificial nature of 
many morphologic and physiologic proce- 
dures, s such as injection, serial sectioning, 
etc., renders them unsatisfactory bases for 
generalizations about living processes. Angi- 
ography, on the other hand, provides the 
opportunity for direct observation of the 
progress of an opaque medium through a 
living circulatory segment, thereby supply- 
ing convincing support or refutation of 
basic hypotheses or suggesting necessary 
modifications of them. 

Studies of the maternal circulation of 
the primate placenta using conventional 
methods, which have been in progress at 
the Carnegie Department of uou 


much pertinent information. ก ent ae. 
angiographic studies," to be reported here- 


with, have confirmed the findings of these 
earlier studies and have supplied further 
data. 


Radioangiography fer the studv of 
general uterine circulation in normal and 
pathologic states in pregnant and non- 
pregnant patients has been emploved for 
some 25 vears.* It was first used for physio- 
logic EM of placental circulation. by 
Borell ef a/2 and Fernström? who visual- 
ized the intervillous space of the placenta 
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as well as the maternal vessels supplving 
and draining it. The clinical usefulness of 
this technique for the study of uterine and 
placental vasculature is gaining recognition 
in such pathologic conditions as placenta 
previa, mvomata uteri, hvdatidiform mole 
and choriocarcinoma, ectopic pregnancy, 
etc 

However, radioangiographic studies ex- 
tensive enough to demonstrate satisfac- 
torlv the full course of placental circula- 
tion involve an amount of radiation greatly 
in excess of that permissible for human 


patients. It is fortunate, therefore, that 
there is a laboratory animal, the rhesus 


monkey, which has a reproductive system 
anatomically and physiologically very sim- 
ilar to that of the human. The monkev 
placenta usually has two disks, in contrast 


to the single disk of the human, but 


microscopically both are of the hemochorial 
tvpe characteristic of the higher primates. 
As shown in Figure 1, the hemochorial 
placenta contains a pool of maternal blood, 
the intervillous space, supplied by endo- 
metrial spiral arterioles through orifices in 
the basal plate of the placenta. The fetal 
chorionic villi which float in this maternal 
pool carry the vessels providing the fetal 
circulation of the placenta. Substances 
passing from the maternal blood stream to 
the fetal, or ziee versa, need to traverse 
onlv the fetal capillary wall and the tissue 


of the villi. In animals which have other 
tvpes of placentas, the maternal blood 
flows in closed vessels embedded in ma- 


ternal sheaths of various composition and 
of varving degrees of complexity. It is 


* From the Department of Radiology, Johns Hopkins University and Hospital; Department of Embrvology, Carnegie Institution of 
๒ + I en ^ = eae i E ~ d d ror * | e t T. . y M ? a 
Washington; and the Department of Gynecology and Obstetrics, Johns Hopkins University and Hospital, 
This inv estigation was supported i in part by research grants (3B-9040 and AM 0456-02) from the National Institutes of Health, 


United States Public Health Serv ice, and from the U pjohn Company, 


638 


VoL. go, No. 3 


Sw Umbilical cord 


f 


mbilical vein 








Urnbilical 


Intervillous 
space 





Villus e 
c SUN oS Qt 


Basal plate 
Endometrium 


Myometrium 


Maternal Circulation 1n the Rhesus Monkev 


arteries 


639 








Amnion Marginal 


Chorion 


Spiral a. 


Basal a. 
Radial a. 


Arcuate a. 


lac. 1. Diagrammatic representation of a portion of the primate (hemochorial) placenta attached to 
the uterine wall. The insert shows, at higher magnification, the components of a single arterial stem? 


necessary in these placentas for substances 
to cross two extra membranes: the maternal 
capillary wall and the sheath of maternal 
animal with a hemochorial placenta can 
provide data on placental transfer adapted 
to direct comparison with the human. 
The maintenance of circulation in the 
vast, amorphous pool of the intervillous 
space, crowded as it is with the fronds of 
chorionic vill, poses special problems. 
These are the more acute because the 
opening of the maternal arteries and veins 
in the basal plate of the placenta lie 
closely contiguous to each other (Fig. 1). 
Under these circumstances it would appear 
that incoming blood might short-cut at 
once to the nearest adjacent venous orifice 
and leave the placenta before circulating 
through the intervillous space, as it must 
do to afford maximum opportunity for 
maternal-fetal exchange. However, mor- 
phologic studies of both human and mon- 
key placentas suggest a “physiological con- 
cept’?® of placental circulation which 
avoids this dilemma. It appears that arterial 


blood enters the placenta from the endo- 
metrial arterioles under a head of pressure 
sufficiently higher than that prevailing in 
the intervillous space so that the incoming 
stream is driven in characteristic “spurts” 
toward the chorion before lateral dispersion 
occurs (Fig. 2). As the initial pressure of 
the spurt is spent, diffusion commences 
aided by the villi which, serving as baflles, 





Fic. 2. A cross section of an infected monkey pla- 
centa, 75 sif. At the left is a portion of an endo- 
metrial artery traversing the uterine wall to its 
point of entry into the intervillous space. Its con- 
tents spurt, under maternal blood pressure, high 
into the intervillous space with little lateral diffu- 
sion. Monkey C 750; 123rd day of pregnancy. Un- 
stained; X1! 
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lic. 3. 


A tracing of simultaneous recordings from 4 leads intro duced into the intervillous space of the 
placenta, (hesmmobe cavity, the femoral artery and the femora! vetn, respectively, 


The pressure gradient 


between artery, intervillous space and vein is sufficient for the vis a tergo of vontornal blood pressure to act 
as the propellant force in maternal placental circulation. Monkey ToB; 116th day of pregnancy. 


promote mixing and slowing and by their 
own pulsation effect a mild stirring. Even- 
tually the blood เท the intervillous space is 
crowded toward the orifices in the basal 
plate which connect with maternal veins 
and, since there is a slight additional fall in 
pressure between the intervillous space 
and the endometrial veins, drainage is 
accomplished. This circulatory mechanism 
is enhanced by intermittent myometrial 
contractions throu ghout pregnancy. 

The first step in establishing the validity 
of this hypothesis was to determine the 
pressures prevailing in the components of 
the vascular circuit from the maternal 
arterial system through the intervillous 
space and back into the maternal venous 


system. Physiologic studies! established 
that the pressure gradient is, in fact, 


ee for the wis a tergo of maternal 
arterial blood to act as the propellant 
force as postulated (Fig. 3). Whether it 
does indeed so act and whether the entry 
of arterial blood into the intervillous space 
occurs through “spurts” of the sort identi- 
fed anatomically were the first questions 
submitted to radioangiographic studv. 
Borell, Fernström and Westman? had de- 
&cribed such spurts in their angiograms of 
the human placenta, but the clinical nature 

of their studies limited the extent of their 
observations. 

A second group of questions arose out of 
the observation that the character of 
myometrial contractions occurring spon- 
taneously throughout pregnancy varies 
with the stage of pregnancy? (Fig. 4). It 
was obviously desirable to determine by 
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angiography the effect of these pressure 
variations upon the pattern of placental 
circulation. 


TECHNIQUE 


To date 34 radioangiographic studies 
have been carried out in animals at various 
stages of pregnancy. In 26 of the studies 
intrauterine pressure was recorded simul- 
taneously (Table 1). 

The animals were anesthetized with 
intravenous pentobarbital sodium and 1 ท - 
cision was made into the femoral triangle. 
Percutaneous injection into the femoral 
artery is not practical in the monkey be- 
cause the vessel is exceedingly small and 
more deeply embedded than in the human. 
Furthermore the vessel is peculiarly sensi- 
tive and contracts sharply at the slightest 


touch so that a clean insertion upon the 
first attempt is desirable. Following ex- 


posure of the femoral artery a* No. 20 
gauge needle was inserted into it and held 
in place with an adhesive tape strip. Sutur- 
ing was not necessary and the needle was 
not replaced by a catheter. The needle 
served both for introduction of the contrast 








lic. 4. Tracings of recordings of intrauterine pres- 
sure at 3 stages of pregnancy and in labor to show 
the variations in strength, frequency and contour 
of the contraction wave. 
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TABLE I 


ANALYSIS OF RADIOANGIOGRAPHIC STUDIES 
IN 34 MONKEY PREGNANCIES 








Early Pregnancy 
(up to day 70) 
6 pregnancies 
4 motion picture studies 
2 Schónander studies 
All with simultaneous pressure recordings 





Midpregnancy 
(day 70 to day 140) 
I8 pregnancies 
10 motion picture studies (5 with pressure re- 
cordings) 
8 Schónander studies (5 with pressure re- 
cordings) 





Late Pregnancy 
(day 140 to term at day 160+14 days) 
IO pregnancies 
7 motion picture studies 
3 Schónander studies 
All with simultaneous pressure recordings 








medium and for recording of svstemic arte- 
rial blood pressure. 

Laparotomy was also performed in the 
majority of the 26 animals whose intra- 
uterine pressure was recorded, a polyethyl- 
ene catheter being inserted through the 
wall of the exposed uterus via a No. 17 
gauge needle. In a few cases the needle 
and catheter were inserted through the 
intact abdominal wall. The catheter's tip 
was lodged in the amniotic cavity in all but 
2 cases. In these, it was located in the 
intervillous space and the myometrial wall 
respectively. Hendricks ef al.” have shown 
in the human that the pressure values are 
the same when recorded from any one of 
these locations. This technique of intra- 
uterine pressure recording was the same as 
that employed in the physiologic studies 
previously reported.*'* In agreement with 
observations in the human made by 
Caldevro-Barcia,? Hendricks? and others, it 
was found that the method measures the 
state of myometrial contraction with de- 
pendable accuracy. 

The needle in the artery and the catheter 
in the uterine cavity were both'attached to 
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A drawing of the equipment used in performing cineradioangiography of the maternal circulation in 


the placenta of the rhesus monkey and simultaneous recording of intrauterine pressure. (1) Television 


monitors; (2) motion picture cameras; (3) Sanborn 


direct-writing pressure recorder; (4) image orthicon 


television camera; (5) image intensifier; (6) pressure syringe; and (7) monkey. 


strain gauge pressure transducers connected 
with a Sanborn direct-writing recorder 
(Fig. 5). The intrauterine pressure was 
recorded throughout the experiment as well 
as for a prior stabilization period and a sub- 
sequent check-up. Femoral arterial blood 
pressure was continuously recorded to mon- 
itor the animal’s condition, except for the 
brief intervals when the vessel was being 
used for injection of the radiopaque mate- 
rial, 

During injection periods the intra-arte- 
rial needle was connected to an automatic 
pressure syringe by means of a polyethylene 
catheter. A bolus of contrast medium con- 
sisting of 15 cc. of go per cent hypaque was 
injected against the blood flow, utilizing 9o 
pounds of pressure delivered by compressed 
nitrogen. For roentgenographic visualiza- 
tion of the blood flow through the uterine 
artery and the placenta, two alternative 
techniques were emploved: (1) rapid serial 
angiography  (Schónander film changer), 
and (2) image intensification combined 
with cinematography. These two proce- 
dures supply mutually complementary 
data. Specific circumstances determined 


^ 


which of them was selected for use in anv 
given case. 

Technique 7. The film changer was set to 
deliver two films per second for 13 seconds 
in a biplane arrangement. Exposures of 80 
kvp., 500 ma. at 1/20 sec. for the antero- 
posterior view and 95 kvp. for the lateral 
were found to be optimum for a 5,000- 
6,000 gm. monkey in midpregnancy. 

Technique 2. The fluoroscopic image pro- 
duced by an undertable roentgen-ray tube, 
intensified by ag inch electron image am- 
plifier, was optically coupled to an image 
orthicon television system. The television 
camera and image tube were located above 
a 180° tilt table. Cables transferred the 
resultant picture to two television monitors, 
one for direct viewing and one for simul- 
taneous cinerecording by means of a16mm. 
motion picture camera. This camera was 
permanently mounted at a distance of 5o 
cm. from the second monitor. Rapid rever- 
sal film was exposed at the rate of 30 frames 
per second, synchronizing with the rate of 
30 cycles per second on the television appa- 
ratus (Fig. 5). 

The cineradioangiographic technique de- 


livered a dose of less than 0.5 r/min. at 
table top. The higher dosage supplied bv 
rapid serial angiography was 0.2 r per ex- 
posure. As noted, the serial (Schónander) 
exposures were limited to 2 per second for 
13 seconds following each injection. Motion 
picture observations, on the other hand, 
were frequently continued for as much as 4 
minutes per injection. With both tech- 
niques, as many as 3-$ injections were 
made in the course of a single studv period. 
Despite the quantity of radiation adminis- 
tered, no evidence of induced fetal anomaly 
has so far been noted and the mother mon- 
kevs have conceived in subsequent breeding 
seasons with the same regularitv as non- 
irradiated experimental animals. Immedi- 
ately following injection of the contrast 
material, brief episodes of convulsions have 
been noted in a few animals and unex- 
plained death within 24-36 hours has 
occurred several times. Both tvpes of reac- 
tion followed experiments in which more 
than two injections were made, suggesting 
that the high dosage occasioned them rather 
than toxicitv of the contrast medium in 
normal amounts. Three to five injections of 
1$ cc. each in a 6,000 gm. animal, of course, 


E 


far exceed recommended clinical limits. 


RESULTS 


To the initial question whether maternal 
blood actually enters the placenta in 
“spurts”? as postulated, angiography at 
once supplied an affirmative answer. The 
appearance of the spurts can be followed in 
both serial roentgenograms and in the 
motion pictures. Representative cases will 
be described in the present report. A tabu. 
lation of all the data assembled in the study 
has been published elsewhere.” 

Analyzing the typical case illustrated in 
Figure 6, a-e, it is seen that the contrast 
medium, introduced into the femoral artery 
under high injection pressure, rises rapidly 
in the artery and enters the aorta (Fig. 64). 
At about the level of the renal arteries, the 
excess of applied pressure becomes dissi- 
pated and the medium returns to the pelvis 
under the force of maternal blood pressure, 
entering the hypogastric and the uterine 
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arteries. Figure 66 shows the arterial chan- 
nels of the uterine wall completely filled 
with medium, including the endometrial 
spiral arterioles. Spurts into the inter. 
villous space of the placenta are beginning 
to appear. Entry is not effected simultane- 
ously through all the arterioles communi- 
cating with the intervillous space, but the 
maximum number in this case had appeared 
bv the time Figure 6c was made. The area 
of each spurt enlarges as long as contrast 
material continues to flow through the 
arterioles. The spurts gradually coalesce 
and become fainter as oncoming blood 
dilutes the medium (Fig. 64). Dilution of 
the contrast material in the spurt usually 
occurs first at its center with an opaque 
ring persisting at the periphery. An enlarge- 
ment of two endometrial arterioles from 
Figure 64 is shown in Figure 6e. The spurts 
with which they discharge their blood into 
the intervillous space are clear. Figure 7, 
a and Z are lateral angiograms taken simul- 
taneously with the anteroposterior angio- 


grams shown in Figure 6, 4 and 4, respec- 
tively. | 


The total number of spurts visualized bv 
angiography agrees closely with the number 
counted in the placentas studied anatomi- 
cally by injection and subsequent serial 
sectioning. For example, in a case on the 
i25th day of pregnancy radioangiography 
showed 8 spurts in the right placenta and 1 ๐ 
in the left. Serial sections of a representa- 
tive anatomic specimen injected on the 
123rd dav showed 7 and 10 arterial entries 
into the intervillous space in the two 
placentas, respectively.!' There is appreci- 
able variation from animal to animal in the 
number of spurts which appear and in the 
times of initial appearance, of maximal 
visualization and of coalescence, but the 
cited examples are characteristic of the 
general pattern. 

In the 26 studies in which continuous 
recording of intrauterine pressure was car- 
ried out simultaneously with angiography, 
it was possible to introduce the radiopaque 
material at a known point in the cycle of 
myometrial activity in order to determine 
the effect of uterine contraction upon the 
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lic. 7. (a and 7) Two in the series of lateral angiograms of the same monkey as in Figure 6, made at 3 and 


64 seconds respectively: synchronously with a and å in Figure 6. 


circulatory pattern. The injection caused 
no sustained or significant variation in the 
contraction pattern, although an occasional 
small transitory peak was initiated as seen 
in Figure ga. 

If contrast medium is injected during a 
uterine contraction, there is impairment to 
flow of greater or lesser degree depending 
upon the strength of the contraction. The 


«cR 


high amplitudes associated with early and 
late pregnancy may sharply curtail flow or 
even stop it altogether. In Figure 8 a case is 
illustrated, studied in early pregnancy, in 
which almost complete curtailment of flow 
occurred (see also Table 11). The angio- 
grams in the upper row of the figure show 
medium already spurting into the inter- 
villous space 73 seconds after its injection 


Fic. 6. (a-d) Four of a series of anteroposterior angiograms made at 3, 63, 9 and 12 seconds, respectively, 
following injection of contrast medium into the left femoral artery. (e) Magnification (X2) of the area in 2 
which is enclosed in a box. The arrows indicate spurts of contrast material into the intervillous space. Note 
that there is only a single placenta in this case. (A) Aorta; (HA) hypogastric artery; (UA) uterine artery; 
(SEA) spiral endometrial artery. Monkey 59-5 (1960); 103rd day of pregnancy. 


646 M. W. Donner, E 


. M. Ramsey and G. W. Corner, Jr. 


SEPTEMBER, 1963 





= se. 7 
1 

7% sec. lO ^: sec. 12 ^ sec. 

Fic. 8. Angiograms made 75, 10$ and 125 seconds after injection of contrast medium into the right femora 

artery. Top row: Injection in relaxation. Center row: Injection in contraction of medium strength. Bottom 


roi: Injection in strong contraction. For data on pressures and number of spurts, etc., see Figure 9 and 
Table 11. Monkey 59-10; 64th day of pregnancy. 
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Fic. 9. (a, b and c) Portions of the intrauterine pressure record made in Monkey 49-10 showing the level of 
pressure at the time of the 3 


; injections. โท each case the first arrow indicates the start of the injection and 
the second one its completion. Compare with data in Table 11 and angiograms in Figure 8. 
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ANALYSIS OF DATA FROM THE STUDY OF MONKEY GG-IO TO BE COMPARED WITH FIGURE 38 


Monkey No. 29-10 
Films No. SP 8 





Der d Treena = ur 
Injections First | Second Third 
"LEVER P TNNT cC 
l | Medium Strong 
Mvometrial State Relaxation | 2 00 0 iod 
| Contraction Contraction 
Pressure at start of injection 6 mm. | 20 mm. 10 mm. 
Pressure at end of injection 8 mm. | 34 mm. 45 mm. 
Pressure at end of angiography 5: 9 mm. | i$ mm. 45 mm. 
| i | ; า 
Spurts: No. in right placenta 1 7 | 2 | 
No. in left placenta ๊ ึ E | 5 | i 
Time of first appearance | ^3 sec. | § sec. 


Time of maximal appearance 
Time of coalescence 


into the femoral artery at a time when the 
uterus was at a resting level of intrauterine 
pressure of 6-8 mm. Hg (Fig. 94). Seven 
spurts can be counted in the right placenta 
and 11 in the left. The angiograms in the 
bottom row show only one spurt in each 
placenta. Intrauterine pressure at the time 
of this injection was 45 mm. Hg (Fig. gc). 
The middle row of angiograms in Figure 8 
demonstrates the different results obtained 
when injection was made during a weaker 
contraction (Fig. 92). The contraction pres- 
sure of 20 mm. at the start of this injection 
and 34 mm. at its termination reduced the 
number of spurts but did not abolish them. 
They occurred a little more slowly than 
when injection was made during relaxation 
(2 seconds later, as may be seen in Table 
i), but they appeared in greater numbers 
than during the stronger contraction. The 
right placenta showed 2 spurts (versus 7 in 
relaxation) and the left 7 (versus 11). 

If injection 1s made during à contraction 
in midpregnancy when all contractions are 
weak (usuallv below 20 mm. Hg), curtail- 
ment of flow similar to that seen in the 
middle row of angiograms in Figure 8 is 
obtained. There mav be even less curtail- 
ment 1f the contraction raises intrauterine 
pressure by only a few millimeters. 

Impairment or inhibition of flow oc- 


12 sec. | 


6 sec. 
none at 1 1 sec 


Ur Sec 
none at 13 sec. 


curred consistently throughout the series of 
studies when Injection was made during 
uterine contraction, but flow was always 
free if the injection was made during relaxa- 
tion. 


COMMENT 


In addition to the foregoing information 
on the nature of blood flow into the inter- 
villous space of the placenta, a number of 
ancillary observations require comment. 

It has been observed that circulatory in- 
hibition is greatest when injection is per- 
formed midway on the rising slope of a con- 
traction wave. If the injection is completed 
close to the start of the contraction wave, 
spurts occur even though a high peak is 
eventually attained. Similarly, when injec- 
tion is made just before a high peak, a few 
faint spurts appear as relaxation sets in, 
their faintness probably due to dilution of 
the contrast agent by oncoming systemic 
blood. Again, when injection is performed 
on the falling slope of the wave, spurts oc- 
cur as the impediment to flow is released. 

The radioangiographic studies confirm 
the evidence of the anatomic preparations 
that the endometrial arterioles supplying 
the intervillous space do not always func- 
tion simultaneously. The observation that 
there are fewer spurts when- injection is 
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made at higher levels of intrauterine pres- 
sure (7.¢., that some arterioles fail to spurt) 
plus the fact that spurts may be seen in 
different regions of a given placenta upon 
successive injections bears out this con- 
clusion. No decisive information is vet 
available to explain the mechanism of this 
independent activity. It may be that differ- 
ences in local concentrations of the muscle- 
contracting factors are responsible, acting 
either by external myometrial pressure on 
the vascular walls or bv intrinsic vasocon- 
striction. 

Data are not available to indicate 
whether there is a critical intrauterine pres- 
sure at which entry of blood into the inter- 
villous space ceases. Indeed, the evidence so 

far points to a rather wide range of levels, 
subject in all probability to individual 
Tag SE the PEE 

- same 
ic of bccn of E was achieved | in 
one by a pressure rise of § mm. Hg and in 
the other by arise of 28 mm. There is, how- 
ever, a convincing general trend through- 
out the series toward greater inhibition 
with higher pressure. And, as described 
above, the same correlation 18 exhibited bv 
individual cases in which successive injec- 





tions were performed during contractions of 


varying strength. 

Studies of placental circulation, culmin- 
ating in direct visualization as here re- 
ported, supply information with a wide 
range of clinical usefulness. Current con- 
cepts of teratogenesis accord great impor- 
tance to the environment of the developing 
embryo. In placental animals almost the 
only contact between the fetus and its 
environment takes place through the pla- 
cental circulation. Anomalies or pathology 
of that circulation can materially alter the 
nutritive balance of the fetus, permit the 
access to it of deleterious factors, or even 
lead to death of the fetus. Hopes for even- 
tual control of fetal environment must 
therefore be based, in the first instance, 
upon an understanding of placental circu- 
latorv mechanisms. 

In addition, the current studies which 
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show that maternal blood enters the inter- 
villous space in clearly delimited spurts 
indicate that the space is not a homogene- 
ous pool. The oxygen content of its blood is 
locally variable even when the myometrium 
is quiescent. When the cycle of myometrial 
relaxation and contraction is considered, it 
Is appareat that at some times the placenta 
is entirely deprived ot oxygenated blood 
and at others receives it in reduced quan- 
ttv. The stage of pregnancy plays a con- 
trolling rele in the regulation of myometrial 
contractiitv. Because of the nonhomogen- 
eity of tie intervillous space, it appears 
unwise to regard as representative any 
sample of blood withdrawn at random via a 
needle inserted through the uterine wall. 
Whether the needle tip happens to lie in the 
area of ar arterial spurt or in a venous pool 

can make a vast difference in the results of 
biochemical analysis of the sample. Results 
will likewise vary depending upon whether 
the needle taps the intervillous space at the 
start or a£ the end of a prolonged period of 
impaired arterial inflow. It is also apparent 
that placental blood withdrawn during 
labor is not representative of that circulat- 
ing in the intervillous space in periods of 
relative myometrial quiescence. 

Finally, as radioangiography is employed 
with increasing frequency for diagnosis in 
clinical obstetrics, there is particular rele- 
vance for the radiologist in the evidence of 
the present study that any placental angio- 
gram lacking characteristic spurts was 
probably made during a period of strong 
uterine contraction or else in a placenta 
which was the seat of extensive pathology. 


SUMMARY 


Radoangiographic visualization of 
the flow of maternal blood into the inter- 
villous space of the placenta has been 
achieved in 34 rhesus monkeys at various 
stages of pregnancy. 

2. Confirmation has been supplied to the 
hypothesis, based on previous anatomic 


studies, that maternal blood enters the 
intervillous space of the hemochorial pla- 


centa in discrete “spurts” through the 
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orifices of endometrial spiral arterioles 
situated in the basal plate of the placenta. 

3. Simultaneous recording of intrauter- 
ine pressure was carried out in 26 of the 
total series of 34 monkevs. 

4. It was demonstrated that the strong 
contractions usually characterizing early 
and late pregnancy may greatly curtail or 
even totally inhibit the flow of arterial 
blood into the intervillous space. Less 
strong contractions reduce the number of 
spurts and delay their appearance. 

s. The weak contractions characteristic 
of midpregnancy impair and slow the flow 
into the intervillous space but do not 
abolish it. 

6. At no stage of pregnancy has impedi- 
ment to placental flow been observed dur- 
ing the stage of mvometrial relaxation. 

7. Variations in placental circulatory 
pattern at different stages of pregnancy are 
occasioned by variation in the force of the 
myometrial contractions. 

8. Consideration is given to the theoretic 
and practical implications of these findings. 
Particular note is taken of the evidence for 
independent, nonsimultaneous action of the 
individual endometrial arterioles and for 
the nonhomogeneity of the blood in the 
intervillous space. 

Martin W. Donner, M.D. 
The Department of Radiology 


The Johns Hopkins Hospital 
Baltimore 5, Maryland 
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SINGLE LUMEN BALLOON CATHETER 
FOR PERCUTANEOUS INSERTION" 








AN APPROACH TO OCCLUSIO? 





| ANGIOGRAPHY 


By KURT R. STRAUBE, M.D,,tf end CHARLES T. DOTTER, M.D. 


TOÀ LOOD flow by diluting and dispersing 

injected contrast agents can impair the 
opacity achieved during contrast cardio- 
vascular visualization. Special catheters, 
high pressure automatic injectors, low 
viscosity and/or high contrast media, rapid 
film changers and electrocardiographically 
triggered exposure techniques are among 
the technical developments enlisted in an 
effort to get the picture before the contrast 
agent is literally washed out of it. The same 
objective has led to efforts to retard blood 
flow by means of the Valsalva maneuver,’ 
added intrabronchial pressure,” hypother- 
mia,’ and pharmacologically induced circu- 


latory arrest.! Tourniquets, balloon cathe- 
ters^? anc gravity’ have been employed to 
achieve the desired distribution of injected 
contrast egents. We have had considerable 
experience with the use of temporary bal- 
loon occlusion of the ascending aorta for bi- 
lateral coronary arteriography without 
direct intracoronary catheterization.? Other 
applications of occlusion angiography ofter 
advantages in controlling the distribution 
of contrast agents injected proximal or dis- 
tal to sites of induced occlusion within ar- 
teries, veins or cardiac chambers. 

During the decade which followed the 
initial description of the balloon catheter? 





Fic. 1. (4 and B) Diagrams showing the single lumen balloon catheter before injection and during maxi- 
mum distention, Placement of holes near both ends of the balloon prevents trapping of fluid during with- 


drawal following use. 


* Work done in connection with this study was performed in the University of Oregon's Minthorn Memorial Laboratory for Cardio- 
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1 Scholar in Radiological Research of the James Picker Foundation. 
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Fic. 2. (4-D) Occlusion coronary arteriograms. Dog, ss 1b.: 40 cc. hypaque sodium, so per cent (10-15 cc. 
estimated injection dose). Shipps injector at 200 psi. Total occlusion. Pseudopods of balloon extend into 
brachiocephalic arteries and descending aorta. 





need developed for an instrument suitable 
for percutaneous introduction into blood 
vessels. 
METHOD 

As previously noted,*? we developed 
and in 1959 first made use of a percutane- 
ous single lumen balloon catheter for occlu- 
sion angiography. In order to permit its in- 
troduction over a previously inserted flexi- 
ble guide, this catheter is constructed of 
ordinary tubing which is open at both ends 
(Fig. 1, 4 and B). The balloon (made of 
latex or an experimental polyurethane elas- 
tomer) is sleeve-mounted near the explor- 
ing end of the catheter and freely communi- 
cates with the catheter lumen through 
several side openings. Inasmuch as the bal- 
loon lumen is continuous with that of the 
catheter through several orifices, one injec- 
tion serves tó both distend the balloon and 
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Fic. 5. Different amounts of contrast agent used for occlusion coronary angiograms. Same animal as in 
Figure 2. (4) 40 cc. hypaque sodium 50 per cent; (B) 20 cc. hypaque sodium 5o per cent. Excess contrast 
agent expands balloon pouches into arteries distal to occlusion (and consequently at low pressure). 


deliver the contrast agent. Since the lumen 
of the catheter has only one opening at its 
tip in contrast to the several side-openings 
into the balloon, the initial effect of the in- 
jection is to expand the balloon until it con- 
forms with and occludes the surrounding 
blood vessel. Thereafter, the remainder of 
the injection is delivered through the end 
orifice (Fig. 2 through 4, inclusive). The in- 
jection of 25 cc. into the balloon and an ad- 
ditional 15 cc. into the occluded vessel can 
readily be accomplished in 1 or 2 seconds. 
Though nct required, low concentration, 
less toxic media are adequate for pre- or 
post-occlusion angiography since their opac- 
ity is better maintained. 

Following the injection, some contrast 
agent will escape but most of the fluid used 
to distend the balloon can be withdrawn 
through the catheter. In practice, particu- 
lar attention is paid to preliminary and 
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Fic. 4. Three applications of single lumen 
occluding catheter in the dog. (4) Selective 
right brachiocephalic injection. By properly 
positioning the occluding balloon, the major 
branches of the aortic arch may be opacified 
singly or in combination. (B) Selective 
descending aortogram. Conspicuous opacifi- 
cation of intercostal arteries. This type of 
study is useful in demonstration of small 
patent ductuses or other abnormal vessels 
arising from the aorta. (C) Selective ab- 
dominal aortography. Position of the balloon 
determines which arteries will be opacified 
and gives simultaneous distal exclusion. 


654 
subsequent intermittent irrigation of the 
catheter with heparinized saline. Especially 
when latex balloons are used 1t 1s desirable 
to apply a silicone lubricant prior to inser- 
tion of the catheter in order to minimize a 
tendencv of the balloon to "cuff" against 
the outside of the artery. Our balloon cathe- 
ters are homemade.* In addition to econ- 
omy this provides a flexibility of approach 
desirable in an investigative program. 
Although evidently antecedent??? and 
independently developed, our instrument 
appears to be functionally identical with 
one recently described by Nordenstróm ^" 





SUMMARY 


This report describes the design and use 
of a single lumen balloon catheter suitable 
for percutaneous insertion for the purposes 
of occlusion angiography. Multiple open- 
ings into the balloon permit its distention 
during the initial phase of the injection of 
contrast agent before the delivery of the 
visualizing dose into the occluded segment 
of the cardiovascular system. 
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THE LANGUAGE OF RADIOLOGY 


O ONE should be more of a perfec- 

tionist than the radiologist when talk- 
ing or writing about his profession. He 
should use explicit terms to define a unit of 
ionizing radiation and he should be exact in 
what he savs about the roentgenograms he 
interprets. But, strangely, in talking about 
his specialty, he is apt to succumb to the 
untidy habits of expressing himself in in- 
determinate terms or using medical radio- 
logic jargon. 

The American Roentgen Ray Society, 
the oldest radiologic organization in this 
country, already in the early days was con- 
cerned about the terminology used in con- 
junction with the application of x ravs and 
in 1912 appointed a Committee on Nomen- 
clature consisting of Dr. Fred C. Zapffe, 
Dr. David R. Bowen and Dr. Percy Brown 
to studv the problem. As stated in an 
Editorial in the American Quarterly of 
Roentgenologv! "At present a confusion 
exists among writers on Roentgenologic 
subjects in their choice of terms for the 
products of their work and the means with 
which thev work." This Committee recom- 
mended a nomenclature which was adopted 
at the Fourteenth Annual Meeting of the 
American Roentgen Rav Societv in Boston 
in 1913, was published in Volume 1 of the 
AMERICAN JOURNAL OF ROENTGENOLOGY? 
in 1913, and at the request of a subsequent 
Executive Council was again. republished 
in Volume g of the AMERICAN JOURNAL OF 
ROENTGENOLOGY and RADIUM THERAPY? 
in 1925. 

Of the terms recommended bv this Com- 
mittee on Nomenclature we find the follow. 
ing in most common usage: 





! Editorial. AM. Quare, Rok rGENOL, 1912, 4, HO, 

> Minutes of the Fourteenth Annual Meeting of the American 
Roentgen Ray Society. Am. |. ROENTGENOL., I913, /, 9h. 

3 Terminology, Am. T. ROENTGENOL., 1922, 9, 833. 
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ROENTGEN: To be pronounced rent- 
gen 

A ray discovered and 
described by Wilhelm 
Konrad Röntgen 

A study and practice of 
the roentgen rays as 


ROENTGEN RAY: 


ROENTGENOLOGY: 


apphed to medical 

science 
ROENTGENOLOGIST: One skilled in roent- 

genology 
ROENTGENC The shadow picture pro- 





duced by the roentgen 
ray on a sensitized 
plate or film 

To make a roentgeno- 
gram 

The art of making roent- 
genograms 


ROENTGENOGRAPH 
(verb): 


ROENTGENOGRAPHY: 





ROENTGENOSCOPE: — An apparatus for ex- 
amination with the 


Huorescent screen ex- 
cited by the roentgen 





ray 
ROENTGENOSCOPY: ง Examination by means 


of the roentgenoscope 


This nomenclature was consistently used 
throughout the vears in the Journat when 
referring to x-ravs or their various medical 
applications. Exception was made onlv in 
rare instances, as for example in papers on 
physics, techniques and manufacturing of 
x-ray devices. 

With the increasing use of radium and 
later of various radioactive isotopes, both 
tor diagnosis and treatment, the prefix of 
radio- was substituted for the prefix or 
roentgeno- in the above nomenclature in 
working with these substances, to make a 
clear distinction between the two tvpes of 
energizing sources. Thus a roentgenogram 
represents the shadow picture produced by 
the roentgen ray on a sensitized film, while 
a radiograph (not a radiogram) represents 
the shadow picture produced by a radio- 
active source (cobalt 60, cesium 137, 
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ytterbium 169, etc.) on a sensitized film. In 
a similar sense the term autoradiograph is 
reserved for use in connection with radio- 
active isotopes. 

It should be noted that the term radi- 
ology is most comprehensive including 
diagnostic radiology (roentgen-rav diag- 
nosis and diagnostic radioisotopes), and 


therapeutic radiology (the application of 


all tvpes of ionizing radiations in ther- 
apy). 

Thus we have been given a broad base on 
which to build the language of radiology. 

Jargon is defined in the second edition of 
the unabridged Merriam-Webster! dic- 
tionary as “confused, unintelligible lan- 
guage, or as a hybrid speech or dialect de- 
riving from a mixture of languages.’ 
Surely, the radiologist should not limit 
himself to the use of such dull tools but, in- 
stead, choose those words and phrases 
having the exact meaning he wishes to give. 
His colleagues ask, “What do the patient’s 
x rays show?” He may retort, weakly, that 
the films obtained during the patient's x- 
rav examination reveal such and such. 
"Ihe films reveal," "the films show," is 
always correct. “The patient's pictures” Sem 
show that we are engaging in photography 
rather than roentgenographv. X-rav trans- 
parencies are not produced by light rays 
but represent the indelible impression of 
roentgen rays upon a sensitized film emul- 
sion to be interpreted by a radiologist. 
Such a physician will not report upon “a 
series of x rays.” He will properly sav, 
"Films อ ก ก exposed or C for 
your patient indicate that— or "roent- 
genographic examination of S patient 
shows-—." 

Having failed to satisty themselves the 
hrst time, some radiologists will instruct 
their technicians to "take another set of 
xrays” or "make some more films." But we 
cannot "take x rays” anywhere or “make 
any films." Such expressions as "snap" or 
"shoot" films are hardlv ones we should 

$ MaRRIAM-WausrkR. Webster's New International Diction- 


ary. Unabridged. Second edition. G. & C, Merriam Company, 
Springfield, 1956. 
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like to have in print over our names. Prob- 
ablv manv of these terms tre traceable to 
our lav associates who often seek short cuts 
to scientific understanding. We should “ex- 
pose" films (to roentgen ray s), and "get 
additional exposures" or ' ee A Á 
if we need them. The use of "x rav(s)" 
mean a patient's film so Mn em- 
ploved bv the laitv should be shunned bv 
us in radiologv. 

Spelling and pronunciation of many of 
our commonly used terms should be con- 
sidered. Laminagrams are prepared by 
laminagraphy, planigrams by planigraphy, 
stratigrams by stra tig raphy and tomograms 
bv tomogr aphy. "Flat plates" are no 
longer prepared by anvone because none 
has been in existence since Eastman sup- 
planted them with films in 1917. For the 
most part, our medical colleagues are re- 
sponsible for the persistence of this term. 
The majority of radiologists have long ago 
adopted more correct names such as plain 
film, scout film, preliminary film or survey 
roentgenogram. 

We often hear of "coin" lesions in the 
pulmonary parenchyma and ask ourselves, 
"Are these disks like coins, and may thev 
vary from pea size to baseball size?" Could 
they more properly be called nodular lesions 
since thev are certainly three-dimensional, 
or spherical, or irregularlv rounded bodies? 
When we make bedside film examinations, 
can we correctly speak of them as “port- 
able films" knowing that they were pro- 
duced with a mobile unit quite unlike the 
low power portable ones? 

In order to confine a roentgen-rav beam 
to sharpen the image of certain structures, 
we commonly use diaphragms, cones, 
cylinders and collimators. We cannot 
"cone" with a cvlinder or modern stvle 
collimator. With a cylinder added to a 
collimator, however, we can produce the 
sharpest possible image of a part by exclud- 
ing all strav radiation. This is collimation 
and not "coning." Finally, when we have 
made all of our exposures and wish to pre- 
pare the films for inter pretatipn, c do we de- 
velop or process them? Of course, more is 
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entatled in “processing” than simply “de- 

veloping,” which is only the initial stage re- 
quiring a further water rinse before “fixing” 
and “clearing.” 

Unless it clarifies the meaning, a hyphen 
should not be used. Roentgen ravs (x rays) 
are a kind of rays as described by W. C. 
Röntgen in ee of ace in his เล 
report, —"Ueber eine neue Art von 5 
len." W bs Ee ed as a noun, roentgen 
rav, therefore, should be written exactlv as 
one would wr ite alpha, beta, or gamma rav. 
Roentgen rav (x rav) is a kind of radiation 
found in the electromagnetic wave spec- 
trum along with infrared radiation and 
ultraviolet radiation. Teletherapy is the 
opposite of brachy therapy ; gamma therapy 
is different than roentgen-rav therapy. 
Here, used as an adjective or descriptive 
word, a hyphen is properly used. Hyphens 
may อ ท ไจ confuse the meaning, not neces- 
sarily clarify it. When this is so they 
should be left out. The rules tor 
hyphens are chaotic. Hyphens should be 
avoided when at all possible.’ 
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"What's the difference? Evervone uses 
medical Jargon, —"'I operated him and 
took out the pathology," says our surgeon 
— W ET will it d P— d M 
ies are js e m expressions in our held, 
who will do it for us? Editors of journals do 
not want to use malapropisms 1n print and 
will generally delete them. Why should not 
we make an effort to define our professional 
and scientific language? We are the ones 
who must show the wav. 

Let us try to sav what we mean and 
mean what we say in our everyday practice. 
It is important for us to tell each other and 
those whom we teach exactly what we 
mean. 

Lewis E. Erter, M.D. 
Western Psychiatric Institute 

and the Falk Clinic 
School of Medicine 
University of Pittsburgh 
Pittsburgh, Pennsylvania, 15213 


we 


5 Fowrer H. W. A Dictionary of Modern English Usage. Ox- 
ford University Press, London, 1960. 
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JAMES PICKER 
1882-1963 


Tou PICKER, Chairman of the 
Board of Directors of Picker X-Ray 
Corporation, passed away in his sleep at 
his home in Larchmont, New York, on 
Wednesday, May 29, at the age of 80. Born 
in Russia, he came to the United States at 
the age of 18 and went to work as a messen- 
ger boy ina pharmacy. While there, he not 
only learned English, but attended Colum- 
bia College of Pharmacy and four years 
later passed his State Board examinations. 
He saved his earnings as a messenger boy, 
clerk, and later pharmacist so that he was 
able in 1906 to start his own prescription 
pharmacy in New York City. On June 29, 


1909 he married Evelvn Feil, a graduate of 


Hunter College and a teacher in the New 
York School Svstem. 


Mr. Picker was deeply conscious of the 
responsibility of being a pharmacist, so 
much so that he insisted on checking each 
prescription before it was dispensed. One 
day two of the nurses who came in from 
the nearby Mt. Sinai Hospital mentioned 
to him that a new department had been 
opened in the Hospital basement and that 
they used photographic plates. Mr Picker 
was alert enough to investigate this im- 
mediately. He found that the Radiologist, 
Dr. Leopold Jaches, was having difficulty 
in obtaining the heavy and fragile x-ray 
plates. Further investigation revealed that 
many of these new x-ray departments were 
having difficulty in obtaining a supply of 
plates and other x-ray material. This new 
field of endeavor intrigued James Picker. 
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He set about providing not only x-ray tribute te the public welfare. 


plates but assembling what was the first 
complete x-ray accessory line. He soon de- 
cided to devote all his attention to x-ray 
requirements and in Ig1§ he 
sold the pharmacy and organized James 
Picker, Inc., which later became Picker 
A-Rav Corporation. 

From the outset he made service rather 
than profit his guiding philosophy. He 
maintained personal contact with roent- 
genologists all over the United States and 
SUO in order to know their problems 
was keenly aware of the fact 
that the Bd result of his endeavors was 
still to take care of ill patients. While 
James Picker was essentially a business 
man, he never lost sight of the human 
values. 

Perhaps the most noteworthy example of 
Mr. Picker’s interest in improving equip- 
ment for ls Eoi: of and nis 
ve offer กา to he Gener ES. "e 
U. S, Army not only the research and engi- 
neering facilities of the Cleveland factorv, 
but all patents, blueprints and models that 
might be developed, all without any ob- 
ligation or compensation from the Army. 
The offer was promptly accepted and led to 
a U. S. Army X-Ray Field Unit which was 
widely acclaimed as one of the most suc- 
cessful workhorses for its tvpe of duty that 
had been devised. It was used bv all the 
Allied nations and, indeed, manv of these 
machines are still giving daily service 
throughout the world. In 1942, Mr. Picker 
was acclaimed bv the Government and the 
Nation's press for his action in returning 
to the Government all profits on his Anm 
contracts. He believed that the duties of 
private enterprise were not only to conduct 
a successful business, but equallv to con- 


In a move somewhat analogous to his re- 
turning his profits on military sales during 
the war to the Government, Mr. Picker 
decided that he wanted to benefit mankind 
with the funds he and his family had ac- 
cumulated. After much careful thought he 
turned to radiologv as the best vehicle with 
which to accomplish this purpose. His close 
feeling for radiologists made it natural that 
he should set as the prime objec tive for the 
James Peker Foundation “to encourage re- 
search in and enhance the prestige of radi- 
ology for the benefit of all mankind." It 
was quite obvious that he took even greater 
pride in the growth of the Foundation than 
he had taken in the growth of Picker X- 
Ray Corporation. [t was for his contribu- 
tion to radiologv that the American College 
of Radi ology awarded to James Picker in 
1967 its ürst "Award of Honor." It be- 
stowed on him the accolade "a trusted 
friend to medicine--and to radiologv," to 
the service of which he had devoted his en- 
tire adult life. 





Mr. Picker is survived by his widow 
Evelvn, and his son, Harvev, and four 


grandchil dren. 

A fitting epitaph to the memory of 
James Picker lies in the concluding words 
of Dr. Wilbur Bailev's address to the 
Americam College of Radiology when pre- 
senting to Mr. Picker the special Award of 
Honor:— ‘It attests to the sympathetic 
understanding of Mr. Picker of the need 
for constant improvement in the care, 
health and welfare of people who are ill. 
The appreciation of our specialty is his. We 
are all in his debt." 


Davip BENNETT 


1275 Mamaroneck Avenue 
White Plains, New York 
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GUSTAV P. 


BUCKY, 


M.D. 


1899-1963 





N FEBRUARY 19, 1963 Dr. Gustav P. 
Bucky, one of the pioneers in Radi- 
ology, died at the age of sixty-four. He was 
born in Leipzig, Germany, the son of a 
prominent merchant of that famous trad- 
ing city, and received his preliminary edu- 
cation under carefully conducted guidance. 
Although his desire was to become an 
engineer, at the insistence of his parents he 
took up medicine, with the idea of special- 
izing in surgical pathology. 

Soon, however, he became seriously ill 
with oed and had to interrupt his 
studies. During this time he became inter- 
ested in photography, and the technical 
possibilities of the use of the newly dis- 
covered roentgen rays tor medical purposes 
fascinated him. In resuming his studies in 
medicine, he devoted his attention to the 
problem of stray radiation produced by the 
roentgen rays when thick parts of the body 
were examined, resulting in very poor de- 
finition of the roentgenographic image. 
This led in 1912 to the first use of the 
Bucky diaphragm, which later was per- 
tected by Dr. Potter of Chicago and others, 
and which 1s now an indispensable acces- 


sory to most roentgen diagnostic units, 

Dr. Buckv, among other things, was 
also greativ interested in the development 
of an apparatus for treatment with Grenz 
rays (Bucky ravs); he devised an auto- 
matic color camera; and later conceived an 
automatic adjustment of a photographic 
lens for motion picture cameras by means 
ofa photoelectric cell, although he himself 
never made use of this discoverv. 

In 1923, Dr. Bucky came to the United 
States, and in 1924 was the seventh 
physician in the State of New York to re- 
ceive an honorary license to practice medi- 
cine without having to take the obligatory 
examination of the State Board. In 1929, 
he was appointed Head of the X-Ray De- 
partment of the Rudolph Virchow Hos pital 
in Berlin and he returned to Germany. Be- 
cause of political reasons, however, in 1933 
he had to give up this appointment and re- 
sumed his practice in the United States, 
where he made valuable contributions to 
the science of radiology. 

Dr. Bucky is survived by his wife, Mrs. 
Frida Bucky, and two sons, Peter and 


Dr. Thomas Bucky. 





Itis with deep regret that we announce the death on July g, 


1963, in St. Louis, Missouri, of Dr. Sherwood Moore 


r ast 


President of the American Raenteen Ray Society. 


The belated information has also reached us that Mr. 


Harry W. Dachtler, 


the last surviving Charter Member of 


the American Roentgen Ray Society, died on May 24, 1961 in 


Port Clinton, Ohio. 
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Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


RADIOISOTOPES IN CARDIOVASCULAR DISEASE. 
Edited by Charles K. Friedberg, M.D., 
Cardiologist and Attending Physician for 
Cardiology, The Mount Sinai Hospital, New 
York, New York; and (Guest Editor) 
Solomon Silver, M.D., Attending Physician 
and Chief, Thyroid Clinic, Mt. Sinai. Hos- 
ptal, New York, New York. Cloth. Price, 
$6.75. Pp. 158 with many tables and figures. 
Grune & Stratton, ไท ย ., 381 Park Avenue 
South, New York 16, New York, 1962. 


This volume is composed of a series of articles 
reprinted from a symposium in recent issues of 
the Journal, Progress in Cardiovascular Diseases. 
It is designed for those who desire the conveni- 
ence of possessing the articles in bound form 
and for those who do not subscribe to the 
Journal but have a special interest in the ma- 
terial of the symposium. 

Radioisotopes have been found particularly 
useful in detection and quantitation of cardiac 
shunts. Braunwald and his associates describe 
the various techniques employing Kr? In- 
halation of this inert gas during right heart 
catheterization provides precise determination 
of left to right shunts, including those of small 
size which are missed by the oxygen method. 
Solutions of Kr may also be employed in the 
detection of multiple shunts, such as a patent 
ductus arteriosus in the presence of an intra- 
cardiac shunt. Methods employing Kr? to 
characterize right to left shunts and to deter- 
mine cardiac output are also described. 

Schreiber and his colleagues determine intra- 
vascular blood volume by independent deter- 
minations of plasma volume, using radio- 
iodinated human serum albumin, and red cell 
volume with Cr? or P9, This obviates the need 
to determine peripheral hematocrit which has 
been a source of error in blood volume studies. 
They also describe variations of blood volume 
with shock, congestive heart failure and other 
forms of heart disease. 

Glick ef al. present theoretic and practical 
applications of the isotope dilution technique 
using I?! labelled albumin in the determination 
of cardiac output and central blood volume and 
in the detection of valvular regurgitation. These 
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external counting methods have particular 
value in poor risk patients and may often ob- 
viate the need for cardiac catheterization. 
Inherent dangers due to faulty counter place- 
ment and improper collimation and the re- 
sultant difficulty in obtaining comparative re- 
sults are discussed. 

Precordial counting techniques are further 
amplified in sections by Danato on selective 
quantitative radiocardiography and Sevelius 
on coronary artery blood flow. These experi- 
mental studies may provide a practical ap- 
proach to some of the fundamental problems in 
cardiac physiology and hemodynamics. 

Threefoot discusses the various methods to 
determine total body water and extracellular 
fluid volume by radioisotopes and presents a 
critical analysis of the difficulties involved with 
these studies. The particular problems in at- 
tempted quantitation of sodium, potassium, 
chloride and the other electrolytes are stated. 

The final two sections of this book are de- 
voted to the most practical clinical application 
of radioisetopes in cardiac disorders. Silver and 
his associates present their experience with a 
very large series of patients having hyper- 
thyroidism, often with associated cardiac dis- 
ease. Friedell ef a/. conclude the symposium 
with a discussion of the use of radioiodine to 
control angina pectoris and congestive heart 
failure in the euthvroid patient. 

The entire symposium represents an excellent 
compilatien of the presently available know- 
ledge concerning radioisotopes and their appli- 
cation in cardiovascular disease. Each section 
is well written by an acknowledged expert in 
the field. The book will be of particular interest 
to the cardiologist and cardiovascular surgeon 
as well as the radiologist. 

Davin P. Corsperr, M.D. 


BOOK RECEIVED 


MEDICAL Aspecrs or RADIATION ACCIDENTS: A 
HANDBODK ror Puysicrans, HEALTH PHYSICISTS 
AND INDusrRIAL Hygienists. Edited by Eugene L. 
Saenger, M.D., College of Medicine, University of 
Cincinnati Paper. Pp. 357, with many tables. 
Price, $1.75. United States Atomic Energy Com- 
mission, Washington, D. C., 1963. 
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Heap 
Decuaume, M., GRELLET, M., Payen, jJ. 
Bonneau, M., GUILBERT, F., and Boc. 
CARA, S, Le chérubisme: ล propos de cinq 
nouveaux cas. (Cherubism: report of five 
new cases.) Presse méd., Dec. 1962, 70, 


de la Faculté de Médecine, Hópital de La 
Pitié, Paris, France.) 


First described in 1933 by Jones (Canada) under 
the name "Familial multilocular cystic disease of the 
maxillae," this entity was also given the descriptive 
term cherubism by this author because of the round 
cheeks and the eyes rolled upwards. 

To date, 65 cases have been reported. The authors 
present 3 cases from a family of § children, with 
bilateral involvement in 2 and only left side involve- 
ment in 1. The remaining 2 children were normal and 
no anomaly was found in their ancestry. 

The other 2 cases were a § year old boy and his 
mother. The child's grandfather from his mother's 
side had shown, when very young, the same appear- 
ance observed in his grandson (based on photo- 
graphic evidence); j.e., a bilateral swelling of the jaws 
which slowly disappeared on the right side after 


Z 


puberty and on the left side at the age of 20. 


by the authors for a swelling of the right mandible of 
3 years’ duration. The roentgenograms were sugges- 
tive of an ameloblastoma. Two consecutive biopsies 
revealed, in some areas, multiple giant cells in a very 
vascular stroma. The diagnosis of a giant cell tumor 
seemed very probable. Two series of radiation ther- 
apy were given totaling 4,100 r in 3 hours so min. 
without radioclinical modification. À last series of 
2,800 r in 2 hours 20 min. was administered a few 
months later followed by a decrease in size of the 
lesion and a tendency to recalcification. Two years 
later, the lesion was very small and nearly all calci- 
fied. In 1962, she was seen with her § year old son 
who presented a bilateral lesion. At that time, the 
mother was cured and her residual lesion was very 
small and dense. In reviewing her case and with the 
added evidence of the same disease in her son and the 
morphologic anomaly of the grandfather, the "giant 
cell tumor" is considered to be a manifestation of 
cherubism. 

This familial osseous dysplasia is encountered 
more frequently in boys (60 per cent) than girls (40 
per cent). The site of predilection is at the angles of 
the mandible, and the leston 1s usually bilateral. Only 
1 case has been observed at the mental symphysis. 
The upper maxillae could be involved. The facial 
deformitv is the main manifestation of this entity 
and makes its appearance early 1n infancy between 1 
and 3 years, sometimes later around 8 years of age. 
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The upward rolled eyes and hypertelorism are two 
inconstant features, Submandibular and high jugulo- 
carotid enlarged lymph nodes are nearly always 
present. The denture is frequently abnormal. The 
other facial bones and the skull are normal. Two 
cases of humeral involvement have been reported of 
the same nature as the associated mandibular lesion. 
The psycho ogic and intellectual functions are nor- 
mal, 

Histologically, the lesion consists of a fibrous con- 
nective tissue containing few grouped giant cells with 
a few smali foci of calcification or ossification. 

The evolution is essentially benign. Between the 
age of 4 to t years, the lesion enlarges rather rapidly. 
Then, a period of slow growth persists to puberty. 
Without amy treatment, from 8 years of age, a regres- 
sion occurs sometimes ending in complete disappear- 
ance of the lesion, 

Surgical treatment is reserved for cases showing 
important deformities after puberty, cases with res- 
piratory or speech impairment and for esthetic pur- 


xoses.-—H. P. Lévesque, M.D. 
} qHe, 


Pasrremeut, A. Le sinusiti mascellari odonto- 
gene; (Casitica e considerazioni radio- 
logiche:. (Odontogenic maxillary sinusitis; 


(Case reports and radiologic considerations). } 
Radiol. med., Feb., 1963, 49, 126-161. (Ad- 
dress: Via delle Tofane 14, Bologna, Italv.) 


This ana ysis of odontogenic maxillary sinusitis is 
based on 155 patients operated on in the Department 
of Surgery of the Clinical Institute for Oral Diseases 
“A, Berettz" in Bologna. 

Reviewed are the embrvology and the anatomic 
and topogriphic relationship between the maxillary 
antra and the teeth of the upper Jaw. 

In odontogenic maxillary sinusitis, normally the 
infammatcry process having crossed the paraden- 
tium, first mvolves the floor of the antrum, although 
at times the lateral wall may be primarily affected 
due to the particular anatomic relationship with the 
infected dental root. The involvement of the mucosa 
of the antrum is, therefore, always secondary to an 
osteitis process, unless an infected radicular fragment 
penetrates accidentally into the antrum during the 
removal cf a tooth, or there is either a communica- 
tion between the oral cavity and the sinus or, due to 
congenital absence of the bony floor of the antrum, 
the roots are in direct contact with the mucosa. 

The study of the cases shows that in 66 patients 
the maxillary sinusitis was secondary to a dental 
inflammatory process and in 99 cases it was a second- 
ary comp ication resulting from tooth extraction. In 
143 cases onlv one tooth was responsible for the 
sinusitis of the antrum, and in 87 cases it was the first 
molar. Reentgenologically there was no evidence of 
abnormak-ies of the antra in 33 patients, while in the 
remaining 132 cases there was complete clouding of 
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the sinus in 108, partial in 21, and an associated 
erosion of one of the walls in 3 cases. 

For a more detailed demonstration of the changes 
in the involved maxillary antrum, the author recom- 
mends laminagraphy and the visualization of the 
antrum by radiopaque material with the method 
proposed by Proetz.—.4. F. Govont, M.D. 


Le GENISSEL, M., MARGAILLAN, A., and 
BERNARD, P. (Alger, Algeria). Les manifesta- 
tions orbito-cranio-faciales du — névrome 
plexiforme de la maladie de Recklinghausen. 
(The orbital, cranial and facial manifestations 
of the plexiform neuroma of Reckling- 
hausen's disease.) T. de radiol., d'électrol. ef 
de méd. nucléaire, Dec., 1962, 45, 817-8265. 


Until 1956, according to Charleux, 124 cases of 
Recklinghausen’s disease had been published. In this 
report the authors present 7 new cases. 

Neurofibromatosis is a congenital, hereditary and 
familial disease. The pathologie process consists of 
proliferation of the glial tissue. The symptoms are 
characterized clinically bv a  triad:cotfee-brown 
cutaneous spots, intradermal tumors and subcutane- 
ous peripheral nerve tumors along the spinal 
nerves. In the presence of orbital manifestations (e.g., 
eyelid elephantiasis, pulsating exophthalmos), the 
peripheral signs suggest the correct diagnosis of 
neurofibromatosis. 

The orbito-palpebral involvement may be exo- 
orbital (eyelid enlargement by the nervous prolifera- 
tion) or endo-orbital (inner extension of the eyelid 
plexiform neuroma, or glioma of the optic nerve, or of 
any other intra-orbital nerves). The process affects 
the bony structures at an early age when these struc- 
tures are the most malleable. 

Six out of their 7 cases were observed in natives of 
Algeria. Clinically all of them developed, from in- 
fancy, elephantiasic hypertrophy of the superior 
eyelid, caused by the plexiform neuroma with exten- 
sion to the temporal fossa. This palpebral involve- 
ment was present with or without orbito-cranial 
malformations and "café au lait" spots over the 
body. 

Roentgenologically, manifold bone changes could 
be seen on standard or laminagraphic studies. Most 
of the cases showed enlargement and ovalization of 
the orbit with its long axis vertical; sometimes with 
pressure erosions or defects, especially of the upper 
and lateral contours; and occasionally with margi- 
nal sclerosis. Agenesis or hypoplasia of some of the 
bone components of the orbit was noted, as well as 
thinning of the orbital apophysis of the frontal and 
malar bones and of the zygoma, and in some cases 
even a disjunction of the fronto-malar suture. 

Elevation of the orbital plate of the frontal bone 
with elevation and incurvation of the lesser sphenoid 
wing is frequently observed. In this latter instance, 
the angle between the lesser wing of the sphenoid and 
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the oblique orbital line is increased. The homolateral 
ethmoid cells of maxillary sinus or even the nasal 
fossa is reduced in size and often the frontal sinus on 
the involved side is absent. The sphenoid fissure may 
be widened and the optic canal enlarged with a thin- 
ning of its cortical margin or it may be deformed, 
presenting a triangular shape. The radiolucency of 
the orbit and temporal fossa is decreased. The sella 
turcica may be enlarged or ballooned. The cranial 
vault may be increased in size and the foramina of 
the middle fossa may show widening. All these 
changes may result from direct extension of the pa- 
thologic process or may be due to concomitant con. 
genital malformations.—7. P. Lévesque, M.D. 


Orsen, THomas G. Sarcoidosis of the skull. 
Radiology, Feb., 1963, So, 2; 2-235. (Address: 
Marshfeld Clinic, 630 S. Central Avenue, 
Marshfield, Wis.) 


Sarcoidosis 1s characterized bv the formation of 
noncaseating granulomas, usually in lymph nodes, 
lung, liver, spleen, skin, and the uveoparotid areas. 
Sarcoidosis involving bone is usually a manifestation 
of the chronic stage of the illness, is not à common 
finding, and is more frequently limited to the hands 
and the feet. 

Sarcoidosis involving the skull is apparently quite 
rare, the case presented here being the fourth to be 
confirmed by bone biopsy. A diagnosis of sarcoidosis 
in a cervical lymph node and skin had previously 
been established on the patient by histopathologic 
study. Lateral skull roentgenograms showed multiple 
osteolytic lesions of the left parietal bone, varying 
from 0.2 cm. to 3.2 cm. in diameter. The lesions ex- 
hibited well demarcated margins with no surrounding 
sclerotic or reactive change. Biopsy revealed small 
noncaseating granulomas containing epithelioid and 
giant cells consistent with sarcoid. Twenty-two 
months later, without specific therapy, the lesions 


had regressed completely.—Ra/pA F. Bowman, M.D. 
RUSSELL, J. A., and Tavron, J. C. Circum- 
scribed gas-gangrene abscess of the brain: 
case report together with an account of the 
literature. Brit, F. Surg. lan. 1963, 50, 
4347437. (Address: Department of Neuro. 


surgery, Derbyshire Roval Infirmary, Eng- 
land.) 


It is noted that despite the high incidence of gas 
gangrene In the wars of this century there has been 
relatively little published about the effects of brain 
involvement. In 1938, Bagley reviewed all previously 
reported cases. He found § in which the diagnosis was 
confirmed by cultures made in life, and he added 2 of 
his own. There followed the surgical literature of the 
second world war. Russian authors reported a total 
of 86 cases of established clostridial infection. Cairns 
and his British associates reported 18 authenticated 

ases. 
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The authors report a case of their own, and were 
able to find 16 other cases of circumscribed gas gan- 
grene abscess of the brain, well documented and 
proven by positive culture during life. Of these 17 
patients, 4 died, giving a mortality of 24 per cent. 
Two of the deaths occurred before antibiotics became 
available, and neither patient received anti-gas gan- 
grene serum. In all documented cases symptoms have 
appeared within 7 days of wounding, often within 
24-72 hours. Of the 12 cases which were roentgeno- 
graphed, 8 exhibited gas bubbles (67 per cent). The 
authors’ case showed a gas bubble in the region of the 
left temporal lobe, on preliminary. skull roentgeno- 
grams. A left temporal burr hole was made, and a 
cannula passed about 2 cm, into an abscess cavity. 
About 15 cc. of pus was drained, and penicillin, strep- 
tomycin, and thorotrast were instilled. Postoperative 
roentgenograms showed the thorotrast in the area of 
the gas bubble which was in the abscess cavity. Fol- 
lowing this, the patient's condition deteriorated; it 
was, therefore, decided to start therapeutic doses of 
polyvalent anti-gas gangrene serum intravenously. 
Within a few hours of completing this course of anti- 
serum therapy his pulse and temperature fell to nor- 
mal and he rapidly improved. Later he returned to 
his usual work as an upholsterer. 

A clinical graph and reproductions of roentgeno- 
grams are included.— Douglas 8. Kellogg, M.D. 


ScHUNK, H., BLADIN, P., and Davies, H. The 
widened septum pellucidum in hemispheric 
gliomas. Radiology, Feb., 1963, So, 224-231. 
(From Lysholm Radiological Department, 
The National Hospital, Queen Square, Lon- 
don, England.) 


Modern surgical methods have allowed wide-scale 
cerebral resections of ghomatous tissue but the long- 
term survival has not been favorable because of 
unrecognized preoperative spread to the opposite 
hemisphere. Interhemispheric spread via the midline 
structures is known to occur in a high percentage of 
cases, especially by tumors of the frontal and parietal 
lobes, Therefore, the authors have investigated the 
possibility of demonstrating preoperatively, by pneu- 
moencephalography and ventriculography, the inter- 
hemispheric extension of intracerebral tumors by 
evaluation of the septum pellucidum as noted in the 
anteroposterior views. 

From a review of 6,738 air studies, performed over 
a Io year period, at the National Hospital, London, 
England, 181 cases were selected which had satisfac- 
tory roentgenographic examinations and either surgi- 
cal or pathologic verification of both tumor location 
and histology. Of these 181 cases, 28 demonstrated 
interhemispheric spread by involvement of the sep- 
tum pellucidum. In the majority of cases, the tumor 
had originated in the frontal lobe (14 cases) or the 
corpus callosum (9 cases). Two cases were shown to 
arise in the basál ganglia, while one each originated in 
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the parietal lobe, temporal lobe and the cerebellum. 
The cerebellar tumor was assumed to have seeded 
along the third and lateral ventricles to the septum. 
There was no case of an occipital ghoma involving 
the opposite hemisphere via the septum pellucidum 
although interhemispheric extension via the splenium 
of the corpus callosum is common. A controlled series 
of relatively benign tumors was also examined to 
observe the possible effect these tumors might have 
on the septum pellucidum. This group included 101: 
suprasellar tumors, 11 intraventricular tumors and 
cysts, and 75 meningiomas including 22 cases of 
frontal meningioma. In none could a widening of the 
septum pellucidum be demonstrated. 

The septum pellucidum can be widened by either a 
noncommunicating cyst or à primary tumor arising 
in this structure as well as by secondary tumor inva- 
sion. The roentgen appearance of widening, namely 
biconvex boundaries, does not allow differentiation, 
since this appearance may be produced by all three 
conditions, in either the upper, middle, or lower third 
of the septum. Onlv two instances of invasion of the 
septum presented a definite irregular border of tu- 
mor, while the remainder presented a smooth- 
bordered enlargement. However, widening of the 
septum due to secondary invasion should cause no 
diagnostic problem, since these cases will show addi- 
tional evidence of tumor 1n one or both hemispheres. 
It was also noted that many of the infiltrating tumors 
in this series demonstrated, in addition to the widen- 
ing of the septum, an increase ไท the space between 
the superior aspect of the third ventricle and the floor 
of the lateral ventricles. An adequate amount of air 
in the third and lateral ventricles is necessary to 
demonstrate this finding which 1s indicative of tumor 
infiltration into the fornical column, 

The authors conclude that only infiltrating tumors 
such as gliomas, apart from primary tumors and 
cysts of the septum pellucidum, can produce widen- 
ing by local deposits of tumor. Therefore, widening of 
the septum in cases with an associated tumor in the 
hemisphere should be considered as indicative of 
malignant infiltration in the septum, while widening 
of the fornical column on the side of the tumor also is 
an indication of tumor infiltration. In such cases, 
unilateral surgical ablation of lobes or a hemisphere 
cannot lead to excision of all the neoplasm.—Edward 


B. Best, M.D. 


ALTMAN, Roper? S. Dermoid tumor of the pos- 
terior fossa associated with congenital dermal 
sinus. 7. Pediat., April, 1963, 62, 565—570. 
(From: Pediatric Service, Department of 
Medicine, Brooke General Hospital, Brooke 
Army Medical Center, Fort Sam Houston, 
Tex.) 

The association of dermoid cyst of the posterior 


fossa and congenital occipital dermal sinus continues 
to be a rarely reported entity. The author reviews 20 
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known cases reported in the literature and adds an- 
other case of his own. 

The case is that of a 2} year old child who had 
recurrent episodes of meningitis. Ultimately the sinus 
was discovered in the region of the occiput and 
Staphylococcus aureus was isolated from the lesion. A 
complete surgical resection of the cyst in the 
lum was successfully carried out. The child made ส 
uneventful recovery. 

'The author discusses the embryology of the der- 
moid cvst of the posterior fossa. Early in the second 
or third week of embryonic life a median neural 
groove is formed which is limited on either side by 
neural folds. Maldevelopment at this particular time 
results in epithelial rests within the neural tube which 
become the source of subsequent tumors. Whether a 
dermoid or epidermoid develops from the rest cells 
depends upon the period during which the cell inclu- 
sion occurred. Dermal sinuses, may appear anywhere 
along the dorsal line and may connect at any point 
with the central nervous system. 

The conclusion is drawn that in a child with recur- 
rent meningitis, particularly when the causative 
organism is Staphylococcus aureus, one should always 
suspect a possible connection between the skin and 
the central nervous system. Thorough examination 
of the head should be done even D shaving of 


the hair.—David Alftine, M.D. 


KHANNA, S. R. A new standard for the size of 
HAE v fossa. Indian 7. Radiol., Feb., 1962, 
76, 25—29. (Address: Radiologist, The Indian 
Iron & Steel Co., Ltd., Burnpur, India.) 


Measurements for the length and depth of the 
pituitary fossa and the mandibular head were made 
in 100 lateral skull roentgenograms with standard 
technique. It was found that within 2 mm. the meas- 
urements of these 2 anatomic structures corre- 
sponded to each other in 99 per cent of the cases. This 
held true for all variations of age, sex, and stature. 

The length of the fossa was represented by a line 
drawn from the tuberculum sellae to the tip of the 
dorsum sellae. A perpendicular drawn from this line 
to the deepest point of the pituitary fossa was the 
depth. The mandibular head was measured by a line 
drawn just above the constriction of the neck and a 
corresponding perpendicular drawn to the tip of the 
head. It would seem that nature has provided a 
ready-made answer to the size of the sella turcica. 
The head of the mandible as projected on film is a 
handy and convenient structure for readv reference, 
and it apparently corresponds closely in size to the 
sella turcica.— Arch H. Hall, M.D. 


HERZBERG, FRED, and SARNAT, BERNARD G. 
Radiographic changes in the bony trabecular 
pattern in the mandible of growing Macaca 
rhesus monkeys following condylar resection. 
Anat. Rec., Oct., 1962, 744, 129-134. (From: 
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Department of Anatomy, Medical Center 
University of California add Cedars of Leh- 
non-Mount Sinai Hospitals, Los Angeles, 
California.) 

The study in the Macaca rhesus monkey, because 
of anatomic similarity between its mandible and that 
of man, was undertaken by the authors. The study 
included: (1) 3 monkeys with bilateral resection of 
the condyles; (2) 4 monkeys with unilateral resec- 
tion; and (3) 9 monkeys as controls. 

Ete graphic examination of the mandible 
showed that the normal trabecular pattern of the 
ramus was N.shaped and consisted of condylar to 
angular, condylar to retromolar, and coronoid to 
retromolar area arms. 

The operated side in the unilaterally resected con- 
dvles revealed profound trabecular disorientation, 
persisting up to 29 months. The unoperated side in 
these animals exhibited lesser changes which showed 
signs of recovery by 29 months. 

'The animals with bilateral resections showed early 
trabecular changes but by 30 months the trabecular 
patterns approached normal. 

The experiments furnish evidence that the loss of 
condvlar articulation and its growth potential have 
an effect on the bony trabecular pattern. Changes on 
the unoperated side demonstrated the effect of one 
side on the other.— Fohn A. Campbell, M.D. 


Kenprick, GEORGE S., and BIGGS, Norman L. 
Incidence of the ponticulus posticus of the 
first cervical vertebra between ages six to 
seventeen. Anat. Rec., Mar., 1963, 745, 449^ 
454. (From: Department of Anatomy, Baylor 
University College of Dentistry, Dallas, 


dex.) 


The authors have studied the roentgenograms of 
the first cervical vertebrae of 353 patients between 6 
and 17 years of age. Some form of ponticulus posticus 
—the bony arch which sometimes encloses the pos- 
terior atlantoid foramen and through which the sub- 
occipital nerve and vertebral artery pass as they 
course over the upper surface of the atlas—-was found 
to be present in 15.3 per cent of this series. There was 
no particular sex incidence. Thirteen were bilaterally 
complete, 17 bilaterally incomplete, § unilaterally 
complete and 21 unilaterally incomplete. This is a 
higher incidence than reported by other authors.— 
Arthur E. Childe, M.D. 





NECK AND CHEST 


Burmeister, R. W., and Overnoxt, E. L. 
Pneumonia Ee by hemolytic strepto- 
coccus. 4.M.A. Arch. Int. Med., Mar., 1963, 
III, 365—378. (From: U. S. Army Medical 
Unit, Fort Detrick, Md., and" W alter Reed 
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General Hospital, Walter Reed Army Med- 
ical Center, Washington, D.C.) 


Five sporadic cases of hemolytic streptococcal 
pneumonia occurring in young adults are reported, 
Despite a characteristic clinical pic ture, streptococcal 
pneumonia is rarely considered in the differential 
diagnosis of pneumonia today. 

Each of the 5 patients had a severe febrile illness 
following a mild upper respiratory infection. This was 
followed by extensive pleural involvement and pleu- 
ritic chest pain. This sequence should always warrant 
a consideration of streptococcal pneumonia which 
can be confirmed bv a sputum culture. 

Extensive pleural involvement may require re- 
peated thoracenteses and later possible decortication. 
Penicillin is the drug of choice and should be given 
for a minimum of 10 to 14 days. Two of the $ patients 
subsequently developed acute glomerulonephritis 
during convalescence. Our main advance over the 
years appears to have been a decrease in the mortal- 
ity rate.— Francis P. Shea, M.D. 


RADIATION THERAPY 
Fercusson, J. D. Tumours of the testis. Bris, 
Te, ALY! Dec., 1962, 33, 407-421. (From: 
Institute of Urology, London, England.) 


This paper deals with the clinical aspects of the 
cases recorded by Pugh in the previous paper. 

The peak incidence of teratoma is at the age of 20 
years and of seminoma, at the age of 30-45 years. 
Tumors predominated on the right side in the propor- 
tion of § to 4. Fight of $27 patients had bilateral 
tumors but 6 developed the second amor Tf months 
to 22 years after the diagnosis of the first tumor. 
Seven of the 8 tumors were seminomas. 

Of the total group, 6.6 per cent had delayed 
testicular descent and seminoma predominated in 
this group. In the 26 cases with unilateral mal- 
descent, tumor developed in the contralateral testis 
in 4. 

The possible relationship between 
tumors and trauma remains inconclusive. 

Gynecomastia was present in 2.6 per cent of cases 
with 11 of the r4 having teratomas. This finding 
carried a grave prognosis with a mortalitv rate of 
82 per cent. 

All cases were treated by primary orchidectomy, 
followed in most instances by radiation therapy. Of 
11 patients with interstitial cell tumors, all are alive 
from 1 to 1o years following orchidectomy. Of g cases 
with scrotal tumors, 1 patient has died from metas- 
tases and 3 others are alive with metastases.— 


Philip Rubin, M.D. 


SMITHERS, D. W., and WALLACE, E. N. K. 
Radiotherapy in the treatment P patients 
with seminomas and teratomas of the testicle. 


Brit. T. Urol, Dec, 1962, 34, 422-435. 


testicular 
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(From: The Royal Marsden. Hospital and 
Institute of Cancer Research: Royal Cancer 
Hospital, London, England.) 


This paper deals with The Royal Marsden Hos- 
pital's therapeutic approach to testicular tumors. 
Orchidectamy is followed by radiation therapy to 
the lymph node drainage, regardless of the tumor 
histology. Ly mipladenectom Is not generally per- 
formed. L.ymphangiography is considered a most 
useful guide to therapy. 

Supervoitage irradiation is employed through 
opposed amtenor and posterior fields to the retro- 
peritoneal area bilaterally, up to and including the 
renal pedicles. An ipsilateral pelvic field is also 
employed. The remaining testicle is shielded by 
field-defining lead blocks placed in the beam and 
by direct testicular shielding. Direct measurement 
shows that with a 3,000 r dose to each treatment 
feld, the testicular dose ranges between so and yo 
rads in § to 7 weeks. Recommended lymph node 
0 are “ด rads in 5 to 6 weeks for tera- 
0-3,500 rads in 4 to § weeks for semi- 
noma. 

Metastases are rarely found after 3 vears. The 
three vear survival rates are as follows: seminoma 
9$ per cent, teratoma differentiated plus mixed 
tumors (teratoma and seminoma) $4 per cent, 
teratoma intermediate (teratocarcinoma or embry- 
onal carcinoma with early epithelial differentiation) 
74 per cent, and teratoma anaplastic (embryonal 
carcinoma) 16 per cent.—PAi/ip Rubin, M.D. 


HELLRIEGEL, WERNER, SCHARZ, JOACHIM, and 
Lorr, F. เก ก der Blasentumoren 
เพ und Megavolt-Strahl- 
entherapie. (Survival rate after treatment of 
bladder tumors with conventional and mega- 
voltage radiation EE Strahlentherapie, 
Oct., 1962, 779, 177-186. (From: Univer- 
sitats-Rontgeninsti n t, Frankfurt/Main, 
Germany.) 

This report is based on the study of 84 patients 
with tumors of the urinary bladder (7 additional 
patients were treated for skeletal metastases only 
and 1 additional patient was lost to follow-up study). 

Comparison of patients treated with conventional 
voltage (tumor doses of 3,000-5,000 r) and those 
treated with megavoltage (usual tumor dose of 
6,000 r from 3g mev. betatron) yields statistical 
proof that a 3 year survival is materially better fol- 
lowing megavoltage therapy-——approximately 6o 
per cent as compared to 27 per cent for conventional 
voltage. 

Survival rates are better when limited and few 
surgical procedures precede irradiation. The outlook 
is worsened once a recurrence appears; and if re- 
peated recurrences have been treated surgically, the 
tendency to repeated additional recurrences is great. 
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The authors recommend that tumors protruding 
into the bladder lumen be removed to the level of 
the normal mucosa by coagulation before irradia- 
tion is undertaken.—Z77enry G. Moehring, M.D. 


HELLRIEGEL, WERNER. Strahlentherapeutische 
Fortschritte und Ergebnisse bei malignen 
Melanomen der Haut. (Radiation therapeu- 
tic advances and results in malignant 
melanomas of the skin.) Strah/entherapie, 
June, 1962, 778, 213-225. (From: Univer- 
sitats-Rontgeninstitut, Frankfurt/Main, 

Germany.) 


Irradiation is the primary treatment of choice for 
malignant melanoma in Germany and most Euro- 
pean countries. The author recommends no antece- 
dent operative treatment, not even biopsy, and the 
following technique: (1) Direct irradiation of the 
tumor with contact therapy-—6, ooo r in the as 
series and then, not earlier than 6 to 8 weeks later, 
second series ol ล 5,000 r; (2) tangential nd 
tion of the course of the lymphatic vessels to 4,000- 
5,000 r (250 kv. with a half value laver of 2 mm. Cu); 
and (3) irradiation of the regional lv mph node sites 
to 4,000-5,000 r with a quality similar to (2) above. 

For several years the electron beam has been used 
to irradiate the primary tumor widely enough to in- 
clude an extensive portion of the lymph channels 
efferent from the tumor. From 7,000-8,000 r are 
given with 15-20 mev. at the tumor and 20-30 mev. 
at the regional lymph nodes. 

Of 342 malignant melanomas treated by irradia- 
tion during the years 1935-1960, 259 have ร year 
follow-ups; of these, 68 per cent had a histologic 
diagnosis (the statistical tables are not clear as to 
just which these were) and 32 per cent had a clinical 
diagnosis. Forty-eight per cent survived § vears and 
29 per cent (34 of 117) survived 10 years. Of those 
without demonstrable metastases, 62 per cent (103 
of 165) survived 5 years and 42 per cent (28 of 66) 
survived 10 years. Of those with metastases, 23 
per cent (22 of 94) survived g years and 12 per cent 
(6 of $1) survived 10 years. 

Of the patients treated by irradiation only, 62 per 
cent (70 of 113) survived ชุ v Of those Heated by 
local excision plus irradiation, 38 per cent ($5 of 146) 
survived § years; and of those treated by ก 
plus local excision, 86 per cent (6 of 7) survived 5 
years, 

Biopsy followed immediately (on the fresh wound) 
by radiation therapy does not worsen therapeutic 
results.—Henry G. Moehring, M.D. 


Hess, PauL, and Hess, Dierer. Das Mela- 
nomproblem in neuer Sicht. (The newer view 
of the melanoma problem.) StraMentherapie, 
Dec., 1962, 779, 486—497. (From: Strahl. 
enabteilung des Krankenhauses Bethesda, 
Duisburg, Germany.) 
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A true melanoma, as opposed to a potential 
melanoma (e.g., a nevus-cell nevus) is present when 
the tumor is enlarging and shows peripheral and deep 
infiltration; when pigmentation (often patchy and 
sometimes pe black) is increasing; and when nodule 
formation and spontaneous exfoliation and erosion 
occur. Subjective sensations such as itching, burn- 
ing, and. prickling must not be ignored. Uncertainty 
im diagnosis lies well below the 30-40 per cent 
usually cited in the literature and is no greater than 
the possible sources of error in histologic diagnosis. 

In the 111 patients with true melanoma: 98 per 
cent of the melanomas arose in a pigmented nevus, 
7 in melanosis blastomatosa, and 6 appeared in ap- 
parently normal skin (mélanome d'emblée). Fighty- 
one of these were treated by irradiation only (in 
general, 4-4 treatments of 2,000 r of Grenz rays, at 
intervals of 3-4 days) and 69 were living, symptom- 
free, after VE vears of observation; 47 of this 81 
were observed 3 years or longer and of them 45 were 
symptom-free, | 1 died of melanoma and 1 of inter- 
current disease. The authors believe that a 2 year 
observation period is sufficient to assess results. At 
the end of 2 years, 6 of their patients were dead of 
melanoma, 1 of intercurrent disease, and 3 were alive 
with residual tumor, the rest were lane symptom- 
free. 

Of 24 patients treated primarily by operation and 
observed for 3 years or more: 2 were alive and symp- 
tom-free; 2 were alive with residual tumor; and 2 ๐ 
had died of the tumor. Of 52 treated primarily by ir- 
radiation and observed for 3 years: 46 were alive and 
symptom-free; and 6 had ded (5 of melanoma and 1 
of intercurrent disease).—4Aenry G. Moehring, M.D. 


VOUTILAINEN, ANTERO, Horsri, Lars R., and 
Horsti, Paut. Der Einfluss der Strahlen- 
therapie auf die Prognose der malignen 
Hautlymphome. (The effect of radiation 
therapy on the prognosis of malignant 
lymphomas of the skin.) SrraMentherapie, 
July, 1962, 778, 438-445. (From: Strahl. 
enklinik des Universitats-Zentralkranken- 
hauses, Helsinki, Finland.) 


The authors treated patients with cutaneous 
lymphomas with local and/or partial body irradia- 
tion, and with radioactive phosphorus alone or com- 
bined with other radiologic means. 

Of 10 patients with mycosis fungoides, 2 remain 
alive 20 and 46 months after treatment. The other 
8 died from 2-36 months after treatment was begun. 

Of 4 patients. with reticulum cell lymphoma, 1 is 
alive 2 years after treatment and the other 3 died 


3-36 months after treatment was begun. 


This experience convinces the authors that these 
radiotherapeutic methods do not prolong the life of 


patients with true mycosis fungoides.—Henry G. 
Moehring, ALD, s. 
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Zuppincer, A. Radiation therapy with high 
speed electrons. Radiol. clin., 1962, 37, 129- 
140. (Address: Róntgen-Institut. der Uni- 
versitat, Berne, Switzerland.) 


The author reviewed 602 tumor patients treated 
by high speed electron therapy and followed for a 
minimum of 1 year and up to 4} years after curative 
or palliative electron therapy. A 30 mev. electron 
beam was used, supplemented in some cases by 30 
mev. high voltage roentgen irradiation, 

Initially, only tumor patients with limited life ex- 
pectancy were selected. Later, tumors which could 
not be cured by previouslv existing methods of 
radiation therapy, including high voltage roentgen 
irradiation, were treated. In the last 2 vears, all 
cases of certain tumor groups, such as carcinoma of 
the pharynx or brain, were treated with high speed 
electrons. 

The case material was divided into three groups: 
(1) good indication for electron therapy, (2) probable 
favorable indication, and (3) questionable or no 
indication. Treatment of recurrences after radiation 
therapy and preoperative treatment were con- 
sidered independently. 

(1) The cases with good indications included 
principally tumors of the skin which were inoperable, 
tumors of the parotid gland, intrinsic tumors of the 
larynx which were extensive or localized in the 
supraglottic region or recurred after operative treat- 
ment, malignant goiter, cancer of the breast, cancer 
of the penis, localized Hodgkin's disease, and 
synoviomas. Especially favorable results in this 
group were obtained with cancer of the breast, skin 
tumors, and carcinoma of the penis. 

(2) The group of cases where a probable ameliora- 
tion can be expected included malignant melanoma, 
brain tumors, tumors of the oral cavity and meso- 
pharynx, and intestinal tumors. Preoperative irradia- 
tion is advocated for malignant melanoma and 
intestinal tumors. 

(3) The group of cases in which improvement is 
only doubtful or non-existent with 3o mev. high 
speed electrons included tumors of the bladder, 
epipharynx, hypopharynx, lung, esophagus, stomach, 
and sinuses. Investigation with higher voltages of 40 
to 45 mev. is recommended in order to evaluate 1m- 
provement in results with deeply situated tumors. 

Evaluation of treatment of 99 patients with re- 
currences after radiation therapy revealed good re- 
sults only in carcinoma of the skin and breast and 
some cases of lvmphogranuloma and malignant 
goiter, where the first treatment was given with a 
correct tumor dose. 

Preoperative therapy was followed by a low num- 
ber of surgical complications in a series of over 100 
cases, even when a comparatively high dose had 
been applied. 

'The author concludes that high voltage meant an 
important step fbrward in tumor therapy and high 
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speed electron therapy is a second important step.— 
E. B. Brantiy, M. D. 


GorpMaN, K. P. High-dose mustine therapy for 
bronchial carcinoma. Brit. M. F., Feb. 2, 
1963, 7, 312-314. (Address: Medical Regis- 
trar, Sully Hospital, Glamorgan, Wales.) 


In an effert to improve the palliative results of 
chemotherapy, a series of patients were treated with 
an increased dose of nitrogen mustard. A dose of 
o.8-1 mg./kg. was divided in three doses given on 
consecutive days. The drug was given intravenously, 
usually in an arm vein, except when there was ob. 
struction to the superior vena cava. Thirty two cases 
were treated; $6 per cent of these achieved some 
palliation. In 5 of the patients death was apparently 
hastened by the treatment. 

The authors feel that the currently accepted thera- 
peutic dose of nitrogen mustard is somewhat small.— 
George L. Sekett, Tr., M.D. 


RADIOISOTOPES 
Morrison, R. T., BIRKBECK, J. A., Evans, 
T. C., and Rourn, J. I. Radiotiodine uptake 
studies in newborn infants. 7. Nuclear Med., 
Mar., 1953, 4, 162-166. (From: State Univer- 
sity of Towa, Iowa City, Iowa.) 


Serial determinations of thyroidal P?! uptake were 
done on 25 healthy, normal newborn infants. The 
other parameters of thyroidal function studied were: 
(1) cord blood erythrocyte uptake of [ labelled 
triiodothyronine; (2) cord blood serum protein 
bound iodine; and (3) serum protein bound iodine of 
maternal blood taken at the time of delivery. 

Less than 1 uc of carrier free P” was given either 
intramuscularly into the gluteus maximus (17 cases) 
or via a gastric tube (8 cases). The uptake deter- 
minations were repeated from 2 to 8 hours for as 
long as the hospital stay. The cases given the I! 
intramuscularly showed a maximum concentra- 
tion of 65 per cent to 75 per cent at 25 hours. The 
infants given the I via the gastric tube showed a 
maximum concentration of 35 per cent to 60 per 
cent in 30 hours. 

The authors thought that the delay in the peak 
concentration and the lower I?! uptake values in 
the infants given the P?! via the gastric tube could 
be due to a delay in absorption of the I?! through 
the immature mucosa of the gastrointestinal tract. 
It was speculated that the high uptake values in the 
infants given the I?! intramuscularly could be ex- 
plained on the basis of physiologic hyperthyroidism, 
a shortened biologic half life or perhaps on the basis 
of an iodine starved gland or a rapidly expanding 
thvroidal iodine pool. 

The mean value of the maternal serum protein 
bound iodine was 9.82.3 (S.D.) ug. per cent. The 
mean value of the serum protein bound iodine of 
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cord blood was 8.6+1.5 (S.D.) ug. per cent. The 
mean value of the erythrocyte uptake of I?! labelled 


Charles W. Cooley, M.D. 


Rasinowirz, Josep L., SHAPIRO, BERNARD, 
and Jounson, PHILIP. “Sephadex chromato- 
graphic" test in the evaluation of thyroid 
function. 7. Nuclear Med., Mar., 1963, 4, 
139-142. (From: Radioisotope Services of 
the Veterans Administration Hospital, Phil- 
adelphia, the Albert Einstein Medical Center, 
Southern Division, Philadelphia, and the 
Methodist Hospital, Houston, Tex.) 


Sephadex chromatographic studies were done on 
769 patients and the results were compared with 
other thyroidal function tests done on the same pa- 
tients; Ze., ไห ้ 16 24 hour uptake, the 24 hour protein 
bound I"! and the RBC.T.3 determination. The I?! 
24 hour uptake and the 24 hour PBIV! studies were 
done on 254 patients and the RBC-T-3 studies on 
769 cases. The Sephadex chromatographic test had 
an over-all reliability of 88 per cent plus as compared 
with the 24 hour P* uptake and 24 hour PBI 
studies. A comparison with the RBC.T.5 studies 
showed it to be equally as good for euthyroid diag- 
nosis and slightly superior for hyperthyroid diag- 
nosis, The number of the hypothyroid cases was 
small but the Sephadex test was found to be not as 
reliable as the RBC-T-3 test.-—Charles W. Cooley, 
ALD. 


Ernst, HELMUT, and STEPHAN, GUNTER. Der 
"Kalte Bezirk” im Schilddrüsenszintigramm. 
("Cold regions" in thyroid-scintigrams.) 
Strahlentherapie, Dec., 1962, 779, $84-590. 
(From: Institut. für Medizin und Biologie 
der Forschungsgemeinschaft der Deutschen 
Akademie der Wissenschaften zu Berlin, 
Robert-Rössle-Klinik, Berlin-Buch, Ger- 


many.) 


In 1,000 scintigraphic thyroid studies in a Tu- 
mor Clinic, a "cold" region was demonstrated 77 
times. In so of these 77 patients, the cause of the 
defect in uptake—as established at operation, 
biopsy or autopsy-—wzs: 


Malignant tumors 22 (44 per cent) (18 carcinomas, 
3 sarcomas, 1 hemangioendothelioma) 

Cysts 17 (34 per cent) 

Metastases from various primary tumors 4 

Thyroiditis 3 

Adenoma 2 

Fibrolipoma 1 


The authors conclude that 25-45 per cent of pa- 
| | $74: 
tients with a “cold” region on their thyroid-scan 
have a neoplastic process as the cause. In their data, 
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"cold" region to let them draw conclusions about 
whether this finding is more likely to indicate 
malignancy in the voung than in the older patient. 
An incidental observation was that all of the ¢ 
patients whose thyroid nodule was taut but elastic 
had cysts, so this physical finding is given a good 
deal of significance by the authors. (Contrariwise, 9 
of their 17 patients with cysts had nodules described 
as exceptionally hard !).—Henry G, Moehring, M.D. 


Korman, SYDNEY, Sky-Peck, Howanp H., 
TurBAUDEAU, YvIAN, Rav, Rogert D., and 
lavroR, SAMUEL G., IHH. The use of stron- 
tium-85 in the evaluation of bone metas- 
tases: a preliminary report. J. Nuclear Med., 
Jan., 1963, 4, 9-17. (From: Departments of 
Medicine and Orthopedic Surgery, Univer- 
sity of Ilhnois College of Medicine, and 
Presbyterian-St. Luke's Hospital, Chicago, 
HL) 


methods following intravenous injection of stron- 
tium 84 were done on 24 patients. These patients 
were divided into those with known osseous metas- 
tases (9 patients); suspected osseous metastases, 
but with questionable roentgenographic findings 
(6 patients); patients with "normal" bones (6 pa- 
tients); and patients with nonmetastatic bone 
lesions such as osteoarthritis (3 patients). 

The results showed that the patients with mixed 
or osteoblastic metastases had a higher uptake of 
strontium 84 than “normals,” and those with 
osteolvtic metastases had "normal" or increased 
uptakes. Changes in uptake of strontium 85 as a 
result of therapy may be demonstrated within 1 to 2 
weeks. Patients with diffuse osteolytic metastases 
may show a scan resembling a normal pattern. 
There was some apparent failure to detect smaller 
osteolytic metastases in the study. It is also pointed 
out that roentgenograms may reveal metastases 
where the uptakes of isotopes are within normal 
limits. 

Isotope counting and scanning is offered as one of 
the modalities for studying patients with metastatic 
bone disease.—JF illiam K. Littman, M.D. 


ALEXANDER, L. L., and FRIEDMAN, A. B. 
Malignant bone pain relief with radioiodine. 
J. Nat. M. A., Sept., 1962, 54, 584-587. 
(From: The Department of Radiology, State 


Center, Brooklyn, N. Y.) 


Treatment with I! (5 me/wk. X6 p.o.) was given 
to 17 patients with terminal malignancies and in- 
tractable bone pain from metastases. The number of 
patients with excellent or good subjective relief of 
pain and the duration of relief obtained were: multi- 
ple myeloma—7/9 for 1-33 months (an additional 
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patient became ambulatory but did not have pain 


relief); prostatic carcinoma-—2/2 for 1-22 months; 
uterine carcinoma-—o0/1; rectal carcinoma-—-0/1; 


mammary carcinoma-~1/4 for 4 months (the other 
2 had some relief). 

Mild myxedema occurred in 3 patients. Although 
narcotics were withdrawn completely, no abstinence 
symptoms occurred.——ZLesZe L. Alexander, M.D. 


STEINKAMP, RUTH C., Lawrence, Jonn H., 
and Born, James L. Long term experiences 
with the use of P? in the treatment of chronic 
lymphocytic leukemia. 7. Nuclear Med., 
Mar., 1963, 4, 92-105. (From: Donner Lab- 
oratory of Medical Physics, University of 


California, Berkeley, Calif.) 


The authors observed 161 cases of chronic lympho- 
cytic leukemia. from 1936 to 1960. Thirty cases 
(18.6 per cent) survived from 10 to 31 vears after 
onset of symptoms or after diagnosis in asympto- 
matic cases (long survival group or L.S.G.); 131 
cases survived less than 10 vears (short survival 
ล 5 5.G. were living at the time of the report. 

The primary treatment of chronic lymphocytic 
leukemia was with P9, Some patients received 
roentgen therapy to the Ivmph nodes and spleen. 
Adrenal cortical steroids were used at one period of 
time to treat primarily patients with a hemolvtic 
process or with a rapid exacerbation of the leukemic 
process. Anemia was a frequent finding in the S.S.G. 
and £5 per cent needed blood transfusions. Only 17.7 
per cent of the L.S.G. needed transfusions. Oral 
androgens were used and a subjective and objective 
improvement was usuallv obtained. 

The authors treated only for specific indications 
such as splenomegaly, lymphadenopathy and 
Ivmphocytosis in which there was a progression of 
symptoms attributable to the disease. They believe 
that asymptomatic patients need no therapy. 

Single courses of P? (4 to 6 injections of P* at 
weekly intervals with a total dose of 3 to 8 mc) were 
given. The interval between courses of therapy 
varied and depended on the individual case. The 
total amount of P” given from the start of therapy 
to death or the closing date of the paper varied from 
o to 79.8 mc in the S.S.G. and from o to 90 mc in the 
L.S.G. 

There were three basic patterns of the disease: (1) 
stationary or slowly progressive, (2) progressive 
symptoms with increasing size of the lymph nodes, 
liver and spleen, and (3) the development of hemo- 
Ivtic anemia. 

An analysis of symptomatology, physical findings 
and laboratory data at the time of the diagnosis for 
the 2 groups, L.S.G. and S.5.G., indicated that there 
was no absolute measure for determining the 
prognosis, 
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There was no increase in the incidence of malig- 
nancy and no acute leukemia cases developed after 
treatment wath P9. —(Charles W. Cooley, M.D. 

MISCELLANEOUS 


Ponit, WOLFGANG, and Teron, MANFRED. 
Zur Desimetrie schneller. Elektronen mit 
Kondensator-Ionisationskammern. (Dosime- 
try of fast electrons by means of condenser 
ionization chambers.) S¢rah/entherapie, June, 


1962, 728, 288—292. (From: Max-Planck- 
Institut für Biophysik, Frankfurt/Main, 
Germany.) 


When a condenser ionization chamber is used to 
measure the energy in an electron beam, loss of 
charge from irradiation of the stem of the chamber 
becomes significant; Ze., the "stem effect" introduces 
appreciable error into the measurements. Of the sev- 
eral arrangements of central conductor, capacities, 
insulators, ete., used by the authors, the one which 
produced the least loss of charge per unit of stem 
length consisted of simply the conductor in the 
middle of insulating material separating it from the 
outer mantle. This stem contained no shielding 
material, in other words. The necessary capacity was 
built in the form of a condenser with minimum 
spacing between its plates placed at the end of the 
stem opposite the chamber.—/7eury G. Moehring, 
M.D. 


ow 


BRACHFIELD, RAREL, Korán, Jaromir, and 

Ticuv, STANISLAV. Spatfolgen bei mit kleinen 

Róntgendosen bestrahlten Kindern (Vor- 

laufige Mitteilung). (Late results in children 

irradiated with small doses of roentgen ravs 

[prelimmary report]. SrmaAenterapie, Feb., 

1962, 747, 293-299. (From: Onkologisches 

Laboratorium der Radiologischen Klinik und 

der IT. Padiatrischen Klinik der Fakultät der 

Allgemeinen Medizin der Karls-Universitát, 

ORL-Laboratorium der — Tschechoslowak- 

Czechoslovakia.) 

From ic to ig years after irradiation of the neck 
for benign conditions, the authors investigated $2 
patients from the radiation therapeutic, oto-rhino- 
larvngologzg, roentgen-diagnostic, and pediatric 
standpoints. 

In this preliminary report they declare their con- 
viction that the continuation of such a study has 
real importance, but they feel that insufficient objec- 
tive criteria are present thus far to permit a reliable 
conclusion. They propose the study of more irradi- 
ated children and unirradiated controls -—Henry G. 
Moehring, M.D. 





TOUGH PATIENT 


When the problem is to stop motion 
—to obtain necessary diagnostic de- 
tail under difficult patient conditions 
—it Is customary to select KODAK 
ROYAL BLUE Medical X-ray Film. It 
is twice as fast as the widely used 
KODAK BLUE BRAND Medical X-ray 
Film. It can be counted upon to 
perform as expected. 


X-ray Sales Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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Reproduced from a radiograph made on 


KODAK | ROYAL 8 แบ ะ Medical X-ray Film 


and processed by the KODAK X-OMAT processing system 





ways better at 
watching over you... 


Picker Gardray 
Radiation Badges 









no loading or unloading 


Wear badge as received, return it intact, 


wide intensity range 


as low as 1 millirem for x-rays and as high 
as 1000 rem for gamma radiation n — . 
prompt reporting You can start enjoying this 
protection any time. Right 


wide energy range 
gy g now, if you wish, by calling 


Reports x, beta, and gamma radiation 7 


Dependable. Easy-to-read, too. 


separately. compact, lightweight any local Picker office (see 
See size above: less than ] oz. your 'phone book) or write 

to Picker Gardray Service, 

Separate control badge warns of attractive, unobtrusive Box 117, Burlington, Mass. 


accidental fogging. Clips on firmly, won't catch clothing. 


double-sure identification durable [itker 
x- ray 


1 code printed on wrapper Secure snap-locks, won't come undone, 
2 x-rayed on film won't break. 


1 
2 
5 "control" safeguard 
4 





Full-time staff position available in Radiology Service in | 
1238 bed Veterans Administration Hospital. Program fully | 
integrated with New York University Bellevue Medical Cen- 
ter. Active Gastrointestinal, Pulmonary and Neuro Radiology 
services. Ample opportunity for research. Salary up to 
$18,405. Contact Chief, Radiology Service, Veterans Admin- 
istration Hospital, First Avenue at East 24th Street, New 
York 10, New York. 


EDUCATION 


| ALBERT EINSTEIN MEDICAL CENTER 
Announces a Postgraduate Course in 


| MAMMOGRAPHY 


In reply to advertisers please mention K. Gershon-Cohen, MD. Director 














Simon Berger, M.D., Co-Director 


that you saw their advertisement in THE Gt iis Northern Division 


on 
AMERICAN JOURNAL OF ROENTGEN- | Friday, October 25, 1963—9 A.M. to 5 P.M. 
OLOGY, RADIUM THERAPY AND NU- and Saturday, October 26—9 A.M. to 1 P.M. 
The course will be inclusive and will cover history, 
CLEAR MEDICINE. indications, technique, interpretation and applica- 


tion เท case finding and research. Besides the vari- 
ous members of the x-ray department staff, there 
will be guest lecturers in Anatomy, Pathology, 
Physics and Physiology. 





CHARLES C THOMAS >- PUBLISHER 


For brochure and application form, write to 
Springfield : Illinois Department of Postgraduate Medical Education 


ALBERT EINSTEIN MEDICAL CENTER 
| Philadelphia 41, Penna. 
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2nd 


International 
Symposium of 
Chemotherapy 


Naples 1961——Reviewed by the authors June 1962 


Edited by 
H. P. KUEMMERLE (Frankfurt a.M.); P. PREZIOSI (Napoli); P. RENTCH- 
NICK (Genéve) 


—~~~~~ J Part E 
XXII + 354 p., 64 fig., 85 tab., 1963. (Antibiotica et Chemotherapia, 
Vol. 11) US $18.70 
New Antibiotics—Side Effects of Modern Chemotherapy 
et get | | 
XX + 412 p., 63 fig., 110 tab., 1963. US $23.50 
Antiviral Chemotherapy 
ers Parr Ni 
XX + 303 p., 73 fig., 65 tab., 1963. US $21.60 
Antineoplastic Chemotherapy 
pee: Pat M. 


XX + 276 p., 70 fig., 50 tab., 1963. (Separatum ‘‘Chemotherapia’’, 
Vol. 5, p. 1-276, 1962) US $14.90 

New Penicillins— Chemo-Antibiotics (Varia) 

New Antibiotics—Tetracyclines 


Sees: Part V: 
XX + 288 p., 85 fig., 60 tab., 1963. (Separatum ‘‘Chemotherapia”’, 
Vol. 6, p. 1-288, 1963) US $15.35 
Antibiotics (Varia)J—Chemoprophylaxy and Chemotherapy of Lesions 
Caused by lonising Radiations—Sulfonamides 

----- part VI: 
XX + 236 p., 30 fig., 40 tab., 1963. US $15.60 


Nitrofurans 








ม ล ส ฑ์ ล ศา ศา จ ม ฑา ฑา จ 


Complete Proceedings, Part I-VI: 
CXXII + 1869 p., 385 fig., 410 tab., 1963. US $93.35 
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Ask for prospectus 

S. Karger AG, Arnold-Bröcklin-Strasse 25, Basel (Switzerland) 
Please send me:— 
Name — 
Address . a 
Please place your order with: 


Albert J. PHIEBIG, P.O. 352, White Plains, N.Y. 
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Wrap-a-Gown 


Improved New 
X-amination Gown 


ftev ล ees sa s rete Stt 





Unique 
3 Armhole 
Design 


Pat. 
Pending 


No Strings—No Knots 
Faster, Easier 
No Embarrassing Gaps 


Old-style x-ray gowns are a nuisance. Patients 
fumble with strings or put gowns on backwards, 
You waste time keeping patient covered. Strings 
knot, WRAP-A GOWN, invented by a technician 
and 5 years hospital tested, solves these problems. 
Patient slips arms thru 2 armholes then wraps 
gown around and places arm thru the 3rd hole. 
You CAN'T make a mistake putting on WRAP-A- 
GOWN, Start with either arm from front or back. 
Easy for infirmed patients. Feels comfortable, 
drapes neatly. Complete modesty--NO embarrass- 
ing gaps. 1 size fits ALL patients. WRAP-A-GOWN 
speeds procedures. Superior x-ray transparency. 
ho strings or knots, minimum of seams and over- 
lap. Quickly slips off shoulder for front or back 
exam. Unbeatable ECONOMY. pre-shrunk, qual- 
Hy cotton, no strings to tear, last longer in heavy 
laundry, BETTER INVESTMENT. 
Try this improved gown. ORDER 
TODAY—$4.85 each (12 or more 


an 


gowns, $4.35 each) plus postage. 


UNCONDITIONAL MONEY 
BACK GUARANTEE 


Money Promptly Refunded if not 
completely satisfied 


OLYMPIC 
SURGICAL COMPANY 


522 Medical Arts Building 
1117 Second Ave., Seattle 1, Wash. 
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DRY PROCESS 
X-RAY FILM 
DUPLICATOR 





Makes Permanent Diagnostic 
Duplicates In A Minute 


Many hospitals and radiologists in 
private practice have expanded their 
professional services with the unique 
desk top Kalvaray film duplicator. 





You simply set a dial and press the switch. 
Approximately one minute later a direct dry 
copy of the original X-ray is in your hands. 
Without releasing the original negative, 
you can easily and inexpensively provide 
copies for: 

๑ Referring Doctors ๑ Hospital Patient Files e 
Permanent Medical Records ๑ Workman's Com- 
pensation Proof « Insurance Company's Records 
* Legal Firms » Remote Consultations ๑ Medical 
School Teaching Aids e 

Special Kalvar duplication paper, up to 14x17, 
assures permanent diagnostie quality repro- 
duction of the smallest details. Copies are 
easily marked with peneil or pen and will not 
turn yellow, fade or crack, 


COPY RESEARCH 
CORPORATION 





S แว 
CIRIC. tae 


875 W. 15th Street ๑ Newport Beach, California 


Gentlemen: 


Send Please send me complete information and a 
free sample of an actual Kalvaray duplication. 


for Name 
free 


AUdTes ์ Ss uie a eL A SEE Rd ee eer . 

sample Telephone... --- ู 02 : 

; IM. ม DID nonc Cu iUm to Zone... State. 7 
เย SUME MNT MU, อ อ น แน น EHE แน MN แผ น แน น แผ น OMEN SERE แน M GRAM MEC เ แล ล ล ละ Ft HR 
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RADIOLOGICAL HEALTH 
AND SAFETY SERVICES 


e SURVEY AND CALIBRATION OF X-RAY 
MACHINE AND TELETHERAPY UNITS. 


e LEAK TEST SEALED RADIOISOTOPIC 
SOURCES. 


e PROCUREMENT AND COMPLIANCE AIDS 
FOR FEDERAL AND STATE LICENSING. 


e RADIATION THERAPY, PROTECTION AND 
SAFETY CONSULTATION. 


๑ DECONTAMINATION OF RADIOACTIVITY 
FROM BOTH AREAS AND EQUIPMENT. 


e CALIBRATION AND MA'NTENANCE OF RA- 
DIATION DETECTION INSTRUMENTS. 


e FACILITY DESIGN. 


e RADIOISOTOPIC BIOASSAY AND ANALYT- 
ICAL RADIOCHEMISTRY. 


Dynatomic's staff includes Certified health 
physicists and experts in nuclear medicine. 
Complete laboratory facilities. 


RADIOLOGICAL SCIENCES AND SERVICES 


For Information 


Write or Call 


DYNATOMICS, Inc. 


180 MILLS STREET, N. W. ATLANTA, GEORGIA 30313 
TELEPHONE 525—4973 AREA CODE 404 











Fits any 2" X 2” 


Viewer or uA 
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NEW RELEASES NOW AVAILABLE 


3-8B Abdominal Tumors in Infants and Children 
Neuroblastoma and Embryoma of The Kidney 
(Wilms’ Tumor) (Part 1) ............ eee 61 Slides 

3.8C Abdominal Tumors in Infants and Children 
Miscellaneous Tumors Other Than Neuroblastoma 
and Embryoma of The Kidney (Wilms’ Tumor) 
(Past B) vc 2 [1 0 56 Slides 
by John W. Hope, M.D. & Assocs., The Children's 
Hospital of Philadelphia 

IBA Bossa ss 6a RR RA dead asi ases AA CER a d OO SEN 
by J. Gershon-Cohen, M.D., Director Dept. Radi- 
ology, Albert Einstein Medical Center, Philadelphia 

17-14 Pelvic Pneumoperitoneum .........n 8 n n nn 12 Slides 
by Bertram Levin, M.D., Michael Reese Hosp. and 
Medical Center, Chicago 

18.14 Lymphangio-adenography  ........ 6 6 9586 
bv M. Viamonte, Jr., M.D. and D. Altman, M.D., 
Jackson Mem. Hosp., Miami, Variety Children's 
Hosp., Miami 


52 Slides 


Price per series (Postpaid U.S.A.) ........-- $16.50 
ORDER DIRECT, or WRITE for complete data on 
above series, Many other series available—ask for 
Catalog B. 


MEDICAL FILM SLIDE DIVISION 


MICRO X-RAY RECORDER, INC. 


3755 W. Lawrence ° Chicago 25, Illinois 











WHAT'S NEW IN ROENTGENOLOGY . . . . 


THE PRACTICE OF COUNTRY 
RADIOLOGY 


By Donald de Forest Bauer, Klamath Valley 
Hospital, Klamath Falls, Ore. Doctor Bauer is the 
first to assemble information about the practice of 
country radiology in organized form. The result is 
a stimulating and instructive supplementary 
course in book form for those residents who have 
the desire to strike out for themselves in private 
practice. The country radiologist has peculiar prob- 
lems. Here are answers to many of them: The 
Place of Radiologv in Medicine; Setting up Prac- 
tice; A Philosophy of Ethics; A Philosophy of 
Establishment of Routines; Pur- 
Accounting Problems; Insurance: Em- 
ployees: Technical Considerations; Radiologic Re- 
port Writing; Relationship with Other Specialties: 
Visits to the Small Hospital; and Radiology Nurs- 
ing. Here also are some warnings which—if heeded 
may save time, money and heartache. 

May 1963 

$11.75 

288 pages 


109 illustrations 


Service; Records; 
chases: 


CHARLES C THOMAS ๑ PUBLISHER 


Lawrence Avenue 


DISEASES OF THE ADRENAL 
GLANDS: Radiologie Diagnosis with 
Emphasis on the Use of Presacral Re- 
troperitoneal Pneumography 


By Morton A. Meyers, Presbyterian Hospital, New 
York City. Designed specifically for the radiologist, 
this monograph details the roentgen interpretation 
of the adrenal glands. The technique of presacral 
retroperitoneal pneumography can be of inestimable 
value—-not only in terms of localization but often 
in differential diagnosis as well. The material pre- 
sented here. richly illustrated, is organized on a 
morphologie basis, dependent upon analysis of the 
radiographic image representing the gross pathol- 
ogic specimen. Evaluation of over three hundred 
studies done at the Columbia-Presbyterian Medical 
Center with a review of world literature has re- 
sulted in a truly critical analysis of the radiological 
criteria. Doctor Meyers shows how—by avoiding 
certain pitfalls and applying these criteria—to in- 
crease accuracy in diagnosis of adrenal abormality 
and often of the specific type of neoplasm. 

July 1963 

$5.75 

84 pages 

42 illustrations 


301-327 East 


SPRINGFIELD * ILLINOIS 


ALIKE! 


Proven quality for over 
30 years. Now improved 
to stay in suspension 
longer, and give strik- 
ingly better coating 
characteristics. 


Available flavored and 
unflavored through your 
X-Ray Dealer. Ask for it 
by name ... I-X brand 
of barium sulfate meal, 
a product of... 


DICK X-RAY COMPANY 


4000 Olive St. » St. Louis 8, Mo. 


ARIUM 


brand of barium sulfate meal 





YEARS of integrity have helped us 
95 to become America's largest buyers of 


USED X-RAY FILM 


๑ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


e Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 
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We try to present an accurate index. Occasionally this may 
not be possible because of a last-minute change or an omission. 


Con-Rad's Lithium Fluoride Thermoluminescent 
Dosimetry System* 

opens entirely new techniques of in vivo micro 

dosimetry in radiation therapy and in 

evaluation of diagnostic procedures. It provides simple... 
precise... reliable... localized, multiple point dosimetry 
of X-rays, gamma rays, betas, fast neutrons and protons. 





actual size of typical Con-Rad dosimeter* 


Breakthrough in radiation dosimetry 


Used in 

X-ray therapy 

Cobalt teletherapy 

Radioactive implants 

Internally administered radio-isotopes 
Dose determinations during fluoroscopic 
and radiographic procedures 





Examples of Applications 
Con-Rad TLD System Readout Instrument* In Vivo 


Exceptional Characteristics Intracavitary dosimetry for mouth and throat, rectum, bladder, 

๑ Micro-sized: 0.06 cm? of LiF gastrointestinal tract (via intubation), and vagina... 
D CR Deo (4 $to 100:000 for dose verification during therapy 

» Dynamic Range: 0.1 r to 100, r 

e Superior Accuracy: within +5% 

» Completely energy independent for 


X-rays and gamma from 100 kev 
(1.68 mm Cu hvl) to over 


Dose confirmations for radioactive implants 
such as radium and cobalt 

Isodose contour mapping 

Depth dose measurement 


1.3 Mev (1.05 mm Pb hvl) X- and gamma dose build-up 
๑ Only 40% increase in response down Dose distribution in whole body irradiation 
to 20 แอ ง (.74 mm Al hvl) — unshielded and others 
dosimeter Gonadal dose during fluoroscopic and 
Only 595 increase with shielding special radiographic procedures 
« Excellent tissue and Air Equivalence Skin dose measurements during superficial and deep therapy 
e Unlimited variety of dosimeter Calibration of radiation sources 
configurations Rapid, precise, half-value layer measurements 


๑ Dose rate independent: Up to at least 
200,000 r /min. 


๑ Rugged, self-contained dosimeters — 


no connecting wire required — can be 
readily sterilized Readout Instrument available on request 





Technical literature and prices of Dosimeters and 


Š Simple RSE ien digital 130 Alewife Brook Parkway, Cambridge 40, Massachusetts 
resentation in rads | : 
p ion i Telephone, UNiversity 4-8280 
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SEE DEMONSTRATION AT MONTREAL MEETING—BOOTH #46. 
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Plan solves processing problem of 
busy morning...light afternoon 


Flexible Operation ... 
Pakorol-X and XM Handle Peak 
Morning Load . . . Pakorol-XM 
the Light Load and 

Off-Duty Stand-by. 


PAK, 


PAKOROL 
X 





d 
(Pako, 


PAKOROL 
XM 


1 N | 


ole 


ARK 


6:00 P.M. MIDNIGH 





PAKOROL XM 


Jual installations... 

f the Pakorol-X and Pakorol-XM 
ring new efficiency and cost saving 
o busy X-Ray Departments. Large 
apacity of the Pakorol-X handles 
he heavy morning load of standard 
ilms. The Pakorol-XM processes the 
specials"; ciné film, angiograms, 
irograms and others. 

When the morning rush ends, the 
'akorol-XM is adequate to handle 
ll processing quickly and econom- 
cally. When the processing load be- 
omes spotty—late afternoon and 
ight—the Pakorol-XM can be set 
or '"stand-by operation", econom- 
zal, ready to process rush films in 
า 1 ท น 1 ๑ ร with the usual consistent 
igh quality. 


Both Automatic... 
Both with Roller-Transport. Tempera- 
ture control, circulation-filtration, re- 
plenishment and time control are 
automatic. The technician feeds the 
film . . . the machines do the rest. 
Pakorol roller transport systems han- 
dle all size film from 4" x 4" through 
14" x 17", Uniformly processed and 
dried films are delivered 6 to 7 — " 
minutes after loading. If you RI 
have this peak to light load 
problem, dual installation of 
Pakorols is the answer. Your 
Pako Distributor can provide 
details on capacity, speed, cost 
and space requirements. 












PAKOROL X 


.PAKO FOR PROGRESS 


6300 Olson Memorial Highway » Minneapolis 40, Minn., U.S.A. 
PAKO CORPORATION 
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(AND REVERSIBLE) TECHNICAL ACCOMMODATION TO MAMMOGRAPH' 


The clear emergence of breast radiography as a 
useful diagnostic screening procedure is reflected 
in the growing body* of literature on the subject. 
The diversity of techniques reported on in these 
papers makes several demands beyond the scope 
of conventional equipment, particularly in the low 
kilovoltage range. The lower tube potentials called 
for, coupled with high MAS values, present prob- 
lems of tube loading. Moreover, the design of con- 
ventional tubehead/collimator assemblies does not 
lend itself to the support of suitable coning for 
breast radiography. 

A dual-purpose mobile x-ray machine now avail- 
able from the Picker X-Ray Corporation satisfies 
these extreme technical demands for breast radi- 
ography without prejudicing its use for conven- 
tional radiography: for such use it is rated 125 
KV at 200 MA, with exposures short as 1/120 
second. 





Fig. 1 Outwardly the dual-purpose equipment closely 
resembles the 200 MA Picker Mobile Unit widely 
used for bedside radiography and standby utility in 
the x-ray department. The most obvious modification 
is the built-in provision for transporting the special 
breast cone. 


‘some typical papers... 


'ECHNICAL IMPROVEMENTS IN BREAST ROENTGENOGRAPHY, 
Gershon-Cohen, M.D. Amer. Jnl. of Roentgenology, August 1960. 


IREAST ROENTGENOLOGY — HISTORICAL REVIEW, 
. Gershon-Cohen, M D Amer. Jnl. of Roentgenology, November 1961. 


fAMMOGRAPHY OF BREAST SARCOMA. 
- M. Berger, M.D., J. Gershon-Cohen. M.D 
mer. Jnl. of Roentgenology, January 1962. 


-LINICALLY UNSUSPECTED CARCINOMA OF THE BREAST — 
. STUDY IN PRIVATE PRACTICE. 

Irs. John E Martin, James M. Keegan. Leslie L. Lemak, 

harles W. Yates, Amer. Jnl. of Roé@ntgenology, December 1962. 


IFTY-THREE CASES OF CARCINOMA OF*THE BREAST, 
ICCULT UNTIL MAMMOGRAPHY. ล 
obert L Egan. M.D., Amer. Jnl. of Roentgenology, December 1962. 


XBERIENCE WITH MAMMOGRAPHY IN A TUMOR INSTITUTION — 
VALUATION OF 1000 STUDIES, D 
obert &..EZan. M.D.. Radiioloev ‘Teremher 10AN 


SPANS KILOVOLTAGE RANGE FROM 20 KV to 125 KV 


UE i ca 





Fig? A unique method of hinging the collimator 
permits quick changeover from conventional radi- 
ography to mammography (and vice versa). The 
collimator is first unlatched and swung’ back: the 
notched mammography cone can then be attached to 
the auxiliary filter holder which permits external fil- 
tration to be adjusted to the demands of any chosen 
technique. (Inherent filtration of the x-ray tube is 
held to 0.7 Al equivalent, approx.) The special x-ray 
tube employs close-coupled anode/cathode for effi- 
cient operation at low kilovoltage with reasonable 
filament life. Top rating (125 KV) for conventional 
Operation remains unaffected by such close-coupling. 


Fig. 3 For breast radiography, the single knob (in 
front of the conventional control panel) automatically 
selects the prescribed MA value, simultaneously re- 
ducing normal KV levels and KV increments by half 
(increments becoming 0.5 KV approx.). It also se- 
lects exposure time over a 10 step range from 1 to 
10 seconds. The signal light alongside the switch 


glows to indicate that the half-value mammography 
phase prevails. 


Detailed information respecting the machine de- 
scribed is available from any local Picker office, or 
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